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Al aska, showing outer continental shelf QOCS) oil |ease
pl anni ng areas - dashed lines - and the areas covered by
the present investigations - bold lines - (nodified from

the Bureau of Land Managenent, undated, by pernission of
OMPA, Juneau).

The eastern Bering Sea/Bristol Bay study area, show ng the
|l ogistically determned strata (Blocks 1-6 and their
associ ated zones), principal depth contours, and nmjor
airfields from which flight operations were conducted

The Shelikof Strait study area (Block 7) showing the 6
zones, principal depth contours, and place names referred
toin the text.

The eastern Bering Seal/Bristol Bay study area, show ng
pl acenent of the random transects drawn for Survey 1 (for
transects actually flown on Survey 1 see Figure 8). A new
set of transects was drawn for each area for each of the
ei ght survey peri ods.

The “stretched” turbine G umman Goose used on Survey 1.
The “standard” turbine G unmman Goose used on Survey 2.

The De Havilland Twin Oter used on Surveys 3-8. All
three aircraft have different window configurations (see
Table 3).

Rel ati onshi ps bet ween clinoneter angle, Y, and
perpendi cul ar distance from the transect line, X

The field data form used during aerial surveys (for
expl anation of entries and codes see Appendix I).

Survey effort during Survey 1, (md- to late-March), in
Bl ocks 1-6 (left) and 7 (right). The panels show effort on
random transect (top) and on all other flights (bottom.

Survey effort during Survey 2 (May to early June) in Blocks
1-6 (left) and 7 (right). The panels show effort on random
transects (top) and on all other flights (botton).

Survey effort during Survey 3 (July) in Blocks 1-6 (left)

and 7 (right). The panels show effort on random transects
(top) and on all other flights (bottom.
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Locations of aerial sightings of gray whales during
Survey 1 (13 March - 1 April 1982). Dotted circles
indicate areas where feeding was observed (see Table 11),
dotted squares where feeding has been reported previously
(Braham, in press).

Locations of aerial sightings of gray whales during
Survey 2 (10 May - 3 June 1982). Dotted circles indicate
areas where feeding was observed (see Table 1), dotted
squares where feeding has been reported previously (Braham,
in press).

Locati ons of aerial sightings of gray whales during
Surveys 3 (3-28 July 1982), 5 (11-22 Sept. 1982), and 6 (26
Oct.-13 Nov.). Dotted circles indicate areas where feeding
was observed (see Table 11), dotted squares where feeding
has been reported previously (Braham, i n press).

Total nunber of gray whales seen by 1° bl ock.

Perpendi cul ar distances truncated under the aircraft at
0.039 nmand the fitted generalized exponential nodel (a)
and group size distribution (b) for gray whales in Blocks 1
and 6, Survey 2.

I ndi ces of abundance of gray whales by survey in the Bering
Sea/Bristol Bay study area, from aerial observations. The
bars across the top indicate expected periods of mgration
through the study area, wth the solid |ines peak periods
and the dotted lines the tails of those distributions (from

Hal | et al., 1977; Rugh and Braham, 1979; Rugh, in press;
Braham, in press).

I ndi ces of abundance of gray whales by depth class.

Total nunber of fin whales seen by 1° bl ock.

Locations by survey of fin whales seen during aeria
surveys and sightings from other research activities in the
area.

I ndi ces of abundance of fin whales by survey in Blocks 1-6.
I ndi ces of abundance of fin whales by survey in Block 7

I ndi ces of abundance of fin whales by depth class

The sighting of a sei whale during these surveys.
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Total nunber of minke whales seen by 1° block. In blocks
containing synbols the whales were reported as feeding,
either from direct observation of their chasing fish (¥) or
by inference fromtheir close proximty to the herring
fishing fleet (*).

Distribution of sightings of minke whales during spring
(a), sunmer (b), fall (c), and winter (d).

I ndi ces of abundance of mnke whales by survey in
Bl ocks 1-6.

I ndi ces of abundance of mnke whales by survey in Block 7.
I ndi ces of abundance of minke whal es by depth class.

Sightings of hunmpbacks from the present aerial surveys and
from other research activities, 1982-83, as indicated

Number of hunpback whal es seen during aerial surveys, by 1°
bl ock.

Sightings of white whales by survey.

Total nunber of white whales by 1° bl ock.

I ndi ces of abundance of white whales by survey Blocks 1-6.
I ndi ces of abundance of white whales by depth class.
Distribution of white whales by percent ice cover

An unidentified beaked whal e stranded at Anthitka Island,
Al aska in 1978. Beaked whales are often difficult to
identify even when a specimen is available (photo by
F. B. Lee, courtesy F. Zeillemaker).

Locati ons of known specinen records of Berardius bairdii in
and near the study areas. The nunbers correspond to those
in Table 12, in which all known Al askan specinen records
are sunmari zed. (Entries 10 and 11 from Table 12 are not
shown as they are west of the study area.) The (*)
indicates the single sighting of the species during the
present surveys.

Locations of specinmen records of Ziphius cavirostrus in and

near the study area. The nunbers correspond to those in
Table 14, in which all known Al askan records are
summari zed
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in Table 15, in which all known Alaskan records are
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sightings of mesoplodonts nmade during the present Surveys
t hought because of |ocation to be this species

Distribution of all sightings of killer whales
Total nunber of killer whales seen by 1° bl ock.

Distribution of sightings of killer whales in spring (a),
summer (b), fall (c) and winter (d).

I ndi ces of abundance of killer whales by survey in
Bl ocks 1-6.
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I ndi ces of abundance of Dall's porpoise by survey in
Bl ocks 1-6.

I ndi ces of abundance of Dan’s porpoise by survey in
Bl ock 7.

Perpendi cular distances truncated under the aircraft at
0.039 nm and the fitted generalized exponential nodel (a)
for Blocks 4 and 5 and (b) for Blocks 1, 2, 3, 6 and 7.

The distribution of group sizes of Dan’s porpoises in
Bl ocks 4 and 5 (c), Blocks 1, 2, 3, and 6 (d), and 7 (e) to
support density estimates (see Table 10).

I ndi ces of abundance of Dan’s porpoi ses by depth class.

Total numbers of harbor porpoises seen, by 1° bl ocks
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| NTRODUCTI ON

In February 1982, the National Cceanic and Atrmospheric Admnistration
(NOAA), Ofice of Marine Pollution Assessment (OMPA), Quter Continental
Shel f Environmental Assessnent Program (OCSEAP), issued a contract to
this Institute to conduct a series of eight sem-seasonal aerial surveys
for marine manmals in the eastern Bering Sea (south of latitude 62"N and
east of longitude 174°W) and Shelikof Strait, Al aska (Figure 1). The
government’s stated objectives in initiating the study were to identify
habitats particularly inportant to “endangered” whales and to describe
the nature and tinming of use of those habitats by the whales. G ven extensive
ongoi ng and planned activities related to exploration for, renoval of,
and transport of oil and gas in major areas of Al aska, including those
named in the present contract, and a prevalent national concern about
effects of offshore resource devel opnent on marine conmunities, such
information is needed as a basis for informed nmanagement deci sions.

The contract defined the study areas; specified the survey platforns
to be used; defined the nunmber of surveys, their temporal distribution
within the contract year, and the proportional coverage desired; and
limted the anount of survey effort available for each of the eight surveys.
In addition, it specifically required that we: determ ne seasonal distribution
of endangered whales in and near the areas proposed for outer continenta
shelf oil and gas leasing; determne the seasonal abundance of endangered
whal es within these areas; correlate distribution and abundance of endangered
whales with environmental conditions; and, for narine mammals ot her than
endangered whal es observed during the surveys document sightings and
from those sightings characterize distribution and abundance within the

study area.

164



A A4
” PLANNING AREAS [~agrou

150° 182¢ " 174°E “18Q° 174°W | 162°

UTER CONTINENTAL SHELF ,

Y

ALASKA
55°
50"
'
‘50
| | sos
180° 174 168° 162 1.':8"§ A 144 = 138°
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- bold lines - and the areas covered by the present investigations

shaded - (nodified fromthe Bureau of Land Management, undated, by

perm ssion of OWPA, Juneau).
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This report sunmarizes field research activities under the contract
from February 1982 through March 1983. It 1) provides details on the
design and conduct of surveys and on the distribution of sightings by
species, both spatially and tenmporally; 2) presents estinmates of relative
and, where appropriate, absolute abundance; 3) describes apparent habit at
preferences by species, when they can be inferred; and 4) notes observed
behavior. Results are presented in the context of previously available
data for each species known or suspected to occur in the study areas
(Table 1), with greatest enphasis on those cetaceans regarded by United
States and international managenent agencies as in need of special protection

(e.g. Anonymous 1972, Dept. of Int. 1982, Table 1). whenever possible,
findings are referenced to the five oil |ease areas which fall conpletely
or partially within our study areas (Figure 1) and to the 7 study bl ocks

assigned for these investigations (Figures 2 and 3).

MATERI ALS AND METHODS
Informati on was obtained fromaerial surveys, literature review,
interviews with colleagues and residents of the study areas, amd reconnaissance

of sone areas by boat, l|and vehicle, or foot.

Description of Study Areas

The design and conduct of aerial surveys were dictated Largely by
the size of the study areas, the desire for broad coverage, and the |ogistica
support (aircraft and ground support) available. Two areas were slated for
cover age: Bristol Bay and the southeast Bering Sea south of 62°N and east of

174% (Figure 2) and Shelikof Strait, between Kodiak Island and the adjacent

Al askan Peninsula” (Figure 3).
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Table 1.

US andinternational conservation schemes.

by an asterisk (*).

Species

status
receiving specialattention in this report are indicated

Marine mammals known or thought to occur in the Eastern Bering Sea {east of longitude 174°W and south of latitude
62°N) dnd in or near Shelikof Strait. Alaska and their present

and designations for management under

ST

US OR DESIGNATION

Name of Species Known from
astern
Bering [Shelikof
Common Scientific Sea Strait
[
Bowhead* |Balaena Yes | No
whale myst i cet us ‘
Rignt . |Eubalaena Yes | Yes
whale glacial is |
Gray * |Eschrichtius Yes I Yes
whd 1e robustus
[}
8lue  *|Bal aenoptera Yes | Yes
whale musculus ‘
Fin {8 physalus Yes Yes
whale
Set « |B. borealys Yes Yes
whala
|
Minke B. Yes | Yes
whale * lacutorostrata |
|
Humpback | Megaptera Yes | Yes
whale novaeang | 1ae ‘
Sperm * Pmyseter Yes i Yes
wha!e macrocephalus i
d
|
Narwhal |Monodon Yes ‘ No
monocer 0s
wh te Del phinapterus [ Yes Yes
wha 1jTeucae
Baird's 8erardius Yes Yes
beaked |bairdnn
whale
|
Cuvier's |Ziphtus Yes Yes
beakad Cavirostris
whale |
|
itejneger 's Mesoplodon Yes Yes
beaked stejneger1
whale |
|
_ i
Killer  |Qrcinus orca Yes Yes
whale
Risso's |Grampus Intikely|Unlikely
dolphin |griseus
Pi lot Globicephala Yes Probable
whale SP.
Pacific Lagenor hynchus No Possible
white- oEi Tquidens
sided
dolphin
Northern |[L1ssogéipnis No Possible
right- |borealls
whale |
dolphin |

AnonymQus
(1972)

ENDANGERED

ENDANGERED

ENDANGERED

ENDANGERED

ENDANGERED

Unli steal
ENDANGERED

ENDANGERED

Jniisted

Dept.
of the
nterior (1982)2

I.H.F.S.
.S, Dept. of
ommerce (1937)a

International Whaling
Commission (1983)®

ENDANGERED (since
2 June 1970]

ENDANGERED (since
2 June 1970)

ENDANGERED (since
2 June 1970)

ENDANGERED (since
2 June 1970)

ENDANGERED (since
2 June 1970)

ENDANGERED (since
2 June 1970)

nli steal

ENDANGERED (since
2 June 1970)
ENDANGERLY (since
2 June 1970}

Unlisted

NDANGERED (1){¢c

NDANGERED (1)(c

NDANGEREO {I)(°

NDANGERED (1){C

NDANGERED (1) (¢

NDANGERED (1) (€

(e
NDANGERED (1) (€

NDANGERED (1)(C

(2)(g
(2){9

(e
(2)(g
(2)(9
(2)(9
(2){9

(2)(9

(2)(9

(2)(g

PROTECTED (p){d

PROTECTED (0)

Sustained management
(Annual Juete =179){e

PROTECTED (0)

PROTECTED (0)

PROTECTED (0)

Initial Management {0}
PROTECTED (1))

Jnclassified (‘:))(’i

Not covered by
IWC schedule

Not coverad by
IWC schedule

Unclassified, No
recommendation .
on “stock listing"{J

Not covered {J

Not covered i

Not covered
IWC schedul e




Table 1 (cont. )

Name of Speci es -- Known __from ST TUS OR DES IGNATI!

- - A Dept. |y u.ks ]

Bering | shel 1 kol ?g;‘z) us of the U S. Dept. of {nternationa! Whalinc
Common | Scientific | ._Sed| Strait ( _ _|Interior _ {1982)4| Commerce (1981)a Commission (1983}
Dall's Phocoenoides Yes Yes Uniisted i steal - (2){9 | Not covered

porpoise [dallr

Harbor Phocoena Yes Yes " " " (2)(9 " “
porpoise  phocoena

Stel 1 er |Eumetopias Yes Yes " o g (2)(g \/A

sed 1 ion [Jubatus

Norther n |Callorhinus Yes Yes " " " “

fur sea ! ursinus

dalrus Odobenus Yes No " " " Unl steal - »

rosmarus
{arbor Phoca vitulina| VYes Yes " " " - "
sea 1
.arga | _Phoca largha Yes Nolk " " o - "
sea 1
tinged Phoca hispida Yes no(k " “ " - - u
sea |
W bbon  Phocafasci ata| VYes No(k " " ’ - - .
e 1
Jearded |Eri Enathus Yes N, (k " “ " - - o
iea 1 arbatus
{orthern |Mirounga ossible| ossible : » " (2)(9 .
: lephant [angustirostris
wed | |
sea otter |Enhydra lutris | Yes Yes ! " " - "
‘olar Ur sus Yes (m No " " " -
ea r mar TL1mus

L -

a) Designations are for tha swetes world-wide, unless otherwise noted, (v designations aee for the e North Pacific or sub-
set, as Indicated in text. Numbers in parentheses are 1982 quotas (IWC, 1983:5); (c)1- classified under the Convention on Inter-
national Trade in Endangered Species of Wild Fauna and Flora (CITIES) under Appendixl; (d)In 1979 the Scientific Committes
strongly recommended protected status and a “O' catch limt; noweer, tha Commission established a thyee-year block quota of 85
strikes for the years 1980-83; (e) western stock at |ow resmant levels O extinct - degree Of mizing O putative reamante Of that
stock with eastern stock in study ares probably Iow (f) Japanese sightings dsts reportedly i ndi cate increase for N. Pacific in
general (IWC 1982:22); () 2 = classified under CITIES Appendix II; (h) refers to “Remminder Stock,” those east of the Akhotsk
Sea-West Pacific stock and presumably not involved in authorized takes from'that stock of <1,678 from 1980 to 1984 inclusive and
<401 in 1983 (mwc 1983: S); (i) left figure is for wastern N Pacific stock, for which no advice on classification was offered to
INC by the Scientific Cemmittee and 19S2 quota was set by IWC at O (IWC 1983:9) - right figure is for easternn. Pacific steck.
Degree of wmixing of males fromthe two stocks in present study areas is unknown; (j) there is N0 agreement about the INC's com-
petence and authority to “nmanage” small cetaceans: however. the Scientific Committee Subcommittee ON ."/Gllv\?]etiaceans racomnlud,
and the Commission adopfad, quotaa of "less than the previous annual averages" . ™40" and "0" for Baird'su.ccwnales an Iler
whal es. respectively; k) breeding ranges are restricted to waters north of the Aleutian Islands. Occurrence in northern Gulf of

Alaska would be exceptional; %1?: reported f rom the northern Qulf of Al aska and Dutch Harber, Al aska in s-r. G ow ng popul a-
tions in the tenperate Nort am?lc and long-termtrends in warning of ass waters in the northern North Pacific could wall result

inincreased sightings of males and juveniles in the study areas; (n) "Normal" range is north of E. Bering Sss study areabut can
t()e expected SOUth of latitude 62 N, particularly in heavy-ice years; (n) a single verified stranding from St. Natthaw Island
Hanna, 1920).
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Figure 2. The eastern Bering Sea/Bristol Bay study area, show ng the logistically

deternmined strata (blocks 1-6 and their associated zones), principal

depth contours,

conduct ed.

and major airfields fromwhich flight operations were
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Figure 3. The Shelikof Strait study area (block 7) showing the 6 zones, principal

depth contours, and place nanes referred to in the text. |,
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The Bering Seal/Bristol Bay study area (Figure 2) includes approximtely
184,470nm2 (632, 732 km2)! of ocean surface (Table 2) and contains all or part
of five proposed lease sale areas (the Aleutian Arch, Bowers Basin, St.
CGeorge Basin, the St. MatthewHall Region, and the North Al eutian Basin).
The area is largely continental shelf waters, except in its southwest
portions. There, in an area conprising about 15% of the total, the
continental shelf drops off steeply to depths of 1000 fathonms (1829 meters)
or nmore (Figure 2). The study area is encroached seasonally by the
Bering Sea ice front, which in severe years may extend to the Pribilof
I sl ands and nuch of central and northern Bristol Bay (e.g. Potoesky, 1975)

The Shelikof Strait study area, includes approxi mately 8,916nm?

(30,582 knf) of ocean surface (Table 2) and contains the southwest end

of the Cook Inlet |ease sale area. The Kodiak |ease sale area abuts the
Shelikof Strait study area on its southwest corner (Figure 1). The
strait, which is some 20 to 30nm (37 to 56 kilometers) wide, consists
primarily of continental shelf waters [ess than 100 fns deep, into which
a large triangular trough, 100 frms (183 neters) or deeper, intrudes from
the southwest (Figure 3). Subnarine slopes along the sides of this”
trough are often steep. The orientation of the strait relative to the
preval ent weather patterns in the North Pacific creates extrenely poor
weat her conditions, high w nds, stormswells, and severe w nd-chop nuch
of the year. The shoreline along the strait, particularly that on the
nort hwest sides of Kodiak and Afognak islands, is marked by numerous
convol uted deepwater bays and straits fringed by precipitous nountains;
so* aerial coverage of many habitats possibly inportant to nmarine mammal s
is difficult. Shelikof Strait itself is readily accessible from a well-equipped

commercial airfield at the town of Kodiak on Kodiak |sland (Figure 3).

1 Basic units are indicated in English system, as nautical charts are
are graded in nmrather than in km Conversions are provided for major
entries but citations from published works are presented in the units reported.
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Table 2. Areas and dimensions of blocks and zones. length of transect, desired apportionment
number of random transects available in each zone, and area actually surveyed.

of effort,

Random
numbers
Length of | Number of Number Width of each available
Approximate| North- ines required of Width of zone ﬁ(sz ‘or transects Act ual
Block | Total Proportion| South or equivalent| Zones Zone Southern] at 1/8 nm area
No. Area (Ocean Transects | overage/zone [ Indicated| (“longitude) End ___End_ intervals surveyed
1 (88) |44,384om| 0.64 | 180mm 3.89 4 2°0" 65.6nm | 60.3nm 1-525 676 nm2
2 (SEB)|3I,507nm! 0.86 | 120nm 4.17 4 2°30 ° 75.3nm | 70. 7nm 1-603 524 nm’
3 (SEB)|47,177nm| 1.00 180nm 3.89 4 2°0" ,65. 6nn | 60.3nm 1-568 870 nm2
4 (SEB)‘44,950nm 1.00 | 180nm 3.89 4 2°0' , 70.8nm | 65.6nm 1-590 663 nm
5 (SEB)}33,614nm| 0.5 120nm 4.17 4 2°0" | 74.0nm | 70.8nm 1-594 293 nm’
6 (BB) \40,268nm| 0.5 180nm 3.89 4 2°0 ' | 70.8nm | 65.6nm 1-567 450 nm@
| | ) |
7 (SS) | 8,916 | N/A Variable N/A 6 N/A* 1 35.0 nm* 1-280 403 nm?
L |

*Boundary faces southeast, not parallel to latitude or longitude lines.

BB = Bristol Bay, SEB = Southeast Bering Sea, SS = Shelikof Strait.



The Bering Sea study area, however, is renmote and serviceable by aircraft
fromonly a handful of widely scattered and in many cases marginally

equi pped airfields (Figure 2), The weather is alnpst always unpredictable
and often unsuitable for safe, lowaltitude, overwater flying. Marine
weat her reporting is limted and generally coastal; so, translation of
observed local and reported renote field weather conditions into useful
predictions of weather conditions in the overwater areas schedul ed for
survey was problematical. In conbination, the above factors made it
prudent and advi sable for us to program extra flight reserve into each
survey flight to conpensate for unpredicted closures of the primary air

field.

Aerial Surveys

I nt ended Survey Coverage

The contract called for up to 10% coverage of the entire area in each
of eight semi-seasonal surveys. To achieve that |evel of coverage, we
were provided a total of 100 flight hours per survey, including on-transect,
circling, and transit time, or 28 days total field tine, whichever expired
first. Aircraft available for the surveys were linmited to 6 or 8 hours
total range and 4 to 6 hours effective survey range. A glance at Figures 2
and 3 is sufficient to denobnstrate that some areas, notably the westernnopst
zones in blocks 2, 3, and 4, are accessible fromaircraft with such range
only under ideal wind and weather conditions. Therefore, surveys were

redesigned within those |ogistical and safety requirements
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Survey Design

The enornous size of the Bering Seal Bristol Bay study area and the
| ogi stical constraints described above required that surveys there be
conducted in discrete strata. These logistically defined strata are
called blocks (6total). Subdivisions of blocks are called zones (4 per
bl ock). Sizes of the blocks and zones were deternined such that the
amount of searching effort assigned within each was proportional to its
area (Table 2). Transects (one per zone per survey) were selected randomy,
as described below. Choosing random lines with |engths proportional to
bl ock and zone size insured that: 1) if there were enough on-transect
sightings froma given survey, estimtes of population density could be
general ized for each block and zone even if the proportion of area searched
was very small; and 2) if there were not enough sightings within a given
zone or block, areas could be conbined for a density estimate.

The nuch snal |l er Shelikof Strait study area, block 7, is far renoved
fromthe Bering Sea study area, and there was no intention to combine data
fromthe two areas for analysis. Therefore, Shelikof Strait was considered
a separate single block and was subdivided into 6 zones, each 35am (65 km

wi de, northeast to southwest (Figure 3).

Transect Pl acement and Sel ection

The primary targets in the present surveys were endangered whal es.
In previous aerial surveys of these large whales, the mgjority of animals
has been seen within about 0.25nm (0.46 km) or less of the track-line (e.g.

Hal |, 1981; Hay, 1982; Scott and G lbert, 1982). Therefore, to ensure

that each portion of the study area(s) had equal probability of coverage,

we placed and selected transects as follows: The southern boundary of
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each zone (in Shelikof Strait the southeast-facing boundary) was scored
at one-eighth nautical mle (0.23 km) intervals. The intervals were nunbered
1 to N beginning on the eastern corner. For each of the eight surveys
one random number was selected for each zone. Because zones in blocks
1-6 were of variable width (due to the rapid convergence of |ongitude
lines at these northern latitudes), different sets of available nunbers
were required for different blocks (see Table 2). Transects selected in
bl ocks 1-6 were flown heading north or south along appropriate |ongitude
lines (see Figure 4 for transects selected for Bering Sea for Survey 1).
Those in block 7 were flown headi ng northeast or southwest, parallel to
the zone boundaries. Gven the orientations of major depth contours in

both areas, resulting transects were roughly perpendicular to inportant

depth strata.

Conduct of Surveys

We intended to conduct all 8 surveys froma single aircraft with
unobstructed downward visibility. Data collected from such a platform
m ght have been analyzed routinely using accepted statistical procedures
(Burnham, et al., 1980). However, it was necessary to use three different
aircraft, each with different w ndow configurations and none with
unobstructed downward visibility (Figure 5; Table 3) (all three aircraft
were equi pped with a dobal Navigation System (GNS) flight conputer to
indicate position). Procedures for analyzing data from such aircraft are
currently the subject of debate, and the validity of results obtained from
themis in doubt (see contributions to Chapnman, 1982 and discussion bel ow).
To achieve the highest level of consistency possible, the on-board crew was
depl oyed as follows: Two observers were stationed on opposite sides of the

aircraft, at whatever position afforded the best views of the survey strip.
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Figure 4. The eastern Bering Sea/Bristol Bay study area, showing placenent of

the random transects drawn for. survey 1 (for transects actually

flown on survey 1 see Figure 8). A new set of transects was drawn for

each area for each of the eight survey periods.
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AR T
A o em

Figure 5a. The “stretched” turbine Gunman Goose used on survey 1.

Figure 5b. The “standard” turbine G umman Goose used on survey 2.

Figure 5¢. The DeHavailland Twin Qtter used on surveys 3-8. All three
aircraft have different window configurations (see Table 3.).



Table 3. Characteristics of the 3 aircraft nade available

for the 8 aerial surveys (see Figure 5)

(oserver _ positions/
Survey Dat es reraf t | dreraf t Lrevaf t |~ Sightabildty
No. jtart | End No. Type Speed | Location W ndow Type
1 /13 4/1 | -780 jrumman 150 Left front (bl ong bubbl e
Goose ght front '
itretch ift rear(*) Flat Plate Gass
“turbine right rear " "
2 3/10  6/3 | |-642 jrumman 140-50 [Left front(*) i
Goose tght front " )
it anda rd weft rear Large pl exiglass bubble
furbine tght rear " ‘
3 173 7/22 | »5254 |Dehavil | and | 140 Left front all plexiglass bubble
Twin Qtter eight front “
Left rear(*) Flat plexiglass
right rear " '
4 B/5 8/24 - " 35-152 | eft front Smal | plexiglass bubble
(8/5-8/8) _
eft front Large plexiglass bubble
- (>8/9 _
i ght” front Smal | plexiglass bubble
(8/5-1/15) ,
ighe front Large plexiglass bubble
(>8/15) _
eft rear (*) Flat plexiglass
(8/5-8/15)
eft rear ,
(> 8/16) mal | FI exul;;I ass bubble
Right rear Flat plexiglass
5 9/11 92! - " 20-140 | Left front arge plexiglass bubble
Right front " '
eft rear(*) | mall plexiglass bubble
Right rear lat plexiglass
6 10/ 25 11/1 140 )
7 /s 21 - 140 " )
8 219 34 “ ! 20-130 - - .
* Recorder
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Min.
Angle
70"
70"
60°
60°
60-70°
60-70°
70-90°
70-90°
70-90”

60°
60°

70-90°
90-100°
70-90°
90-100°
60”
70-90”
60°
)0-100”

70-90°
60°



The data recorder and an alternate observer occupied the renmining seats on
opposite sides of the aircraft.

Data were collected fromaircraft while on and off survey effort.
On-effort segments consisted of transects (the randomy selected lines
which were to be the basis for density estimation), connecting |egs

(essentially straight lines connecting transects with one another or

with shore) and transits (wi nding coastal |egs or m scellaneous routes
among bases of operation, survey areas, and transect lines). Of-effort
segments, when no effort data were collected, include circlings (the
times between |eaving and resuming transect - see below) and reconnai ssance
or secondary transit flights. These latter perioda resulted in “incidental”
sightings not used in the fundamental quantitative analysis.

Transects, transits, and connecting |egs on which data were collected
were flown at an altitude of 750 ft (22% , lower if necessitated by
low cloud ceilings. Data were collected as long as the survey strip
remai ned visible and the sea state remmined bel ow Beaufort 6. Aircraft
crui se speed generally varied between 110 and 150 knots, differing anong
survey aircraft as a function of their respective capabilities. Slightly
| oner and hi gher speeds were sonetinmes flown in strong head- and tail-wi nds,
respectively. Atitude and speed were occasionally reduced for prolonged

observations of behavior and for photography.

Dat a Recording

On each transect and connecting leg and on many transit |egs, the
recorder noted starting tine, position, and environmental/survey conditions.
Each time any of these conditions changed, the recorder noted tine,

| ocation, and the new conditions. Sinmilar updates were |ogged for changes
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in aircraft altitude. These geographic positions and other periodic
updates were used to calculate the distance searched (L = Line Length)*.2
Wienever marine manmal s were sighted "on-effort™ the follow ng data
were recorded: time, latitude and |ongitude, species(*), nunber of
i ndi vidual s(*), observer naking sighting, sighting cue, initial behavior
response to aircraft, swimdirection, nunber of calves or pups, and
environnental conditions at the sighting location. The angle (%§) forned
between the horizon and an imaginary line to the sighting when the aircraft
was perpendicular to (abeam of) the animals (Figure 6), was neasured
With a clinometer. The clinometer angle was used to estinate the perpendicul ar
distance (x)* of the sighting fromthe line of travel of the aircraft.

This was done with the follow ng formula:

X = Htan (90-%) Equation (1)

where His the altitude of the aircraft in feet.
\Whenever the aircraft left the transect, for exanple to circle
animals, we also recorded: tinme and position at which the transect was
broken, general notes of observations (species, relative sizes of individuals,
behavi or, etc.) nmade during circling, and time and position at which
the transect was resuned.
All the above data were recorded on a standard form (Figure 7)
designed to incorporate all the required infornmation and to facilitate
use in the field and transfer of data to conputer storage for analysis.

Meani ngs of data codes for Figure 7 are shown in Appendix |I.

Fol | owi ng each day of survey the conpleted transects and all sightings
were plotted on the navigation chart(s) which offered the nost detailed

information on water depth, fromthe following list:

2 This and ot her measurements essential for density estimation are indicated
by an (*)



- - e - . - - e - - = = - LY

X S

A- position of aircraft
s - position of sighting
H - altitude d aircraft

X- perpendicular distance
Y - clinometer angle

Figure 6. Rel ati onshi ps between clinometer angle, ¥, and perpendicul ar distance

from the transect line, X.
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Figure 7, The field data form used during aerial surveys (for explanation of

entries and codes see Appendix I).



Nunbers of NOAA Charts used

1606 16011 16012 16013 16300 16322 16333
16343 16363 16380 16381 16382 16460 16471
16480 16500 16520 16540 16568 16570 16580
16590 16594 16597 16598 16601 16603 16604
16605 16606 16640 I NT513 INTS14

Whenever a flight line crossed a major depth gradient (see Appendix 1),
the latitude, longitude, and code for the new depth class were inserted
on the field data form (all such entries were later independently checked
and verified at the laboratory). Wen transects crossed chart boundaries
the transect plot was split between or anong maps to achi eve the highest
possible resolution of effort and sightings by depth.

[f an accurate estimate of depth could be made for the position
of the sighting, that depth was entered on the data formas “actua
depth.” During analysis actual depths were used to characterize distribution
of aninals by depth, as bottom topography in sone areas often proved too
conpl ex to characterize accurately with sinple depth-class entries.

It was also our intention to characterize distribution of effort
and sightings by sea surface tenperature. A Barnes PRT-5 radi ometer was
installed between surveys 1 and 2 and used during survey 2to obtain
temperatures at the location of each data entry. However, the entry
procedure was difficult, and exam nation of data fromthis survey indicated
that the device was not functioning properly. The manufacturer reported
that the sensor had been damaged prior to survey 2 - presumably while
being installed on aircraft N-642, as it had worked properly on the

bench imrediately prior to installation. It was exam ned, repaired, and
reinstalled without any guarantee by the manufacturer. |t failed to
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function on surveys 3 and 4. The manufacturer reported that sonetine
during that period the sensor had been submerged in fresh water, presunably
during a water landing (no water |andings were made by our crew during
operations under the present contract). After consultation with the sponsor

the unit was not returned to service.

Data Entry and Verification

Before the end of each survey the field team carefully checked the
data for errors and inconsistencies, prepared a summary report, and
returned the report and a clean copy of checked field data forns to the
| aboratory. At the laboratory, data were keypunched directly from the
the field forms. Colums were added for block, zone, date of data
collection, type of survey line (i.e. whether coastal transit, connecting
l eg, or random transect), and survey nunmber (1 through 8). Data from
random transects, all within the two primary study areas, were anal yzed
separately fromall other data. [Incidental sightings (i.e. those for
whi ch there were no associated data on survey effort) were not included
in the data base; they are sinply mentioned and described in the species
accounts. The conputer data base was transferred to the Inter-American
Tropical Tuna Commission (IATTC) for analysis by P. Hammond and J. Laake,
of TATTC, and Bowles and Leat herwood, of HSWRI,.

During anal ysis, data were cross-checked for the follow ng inconsistencies
or anonalies: inconsistencies between reported flight tinmes and |line |engths;
surprising or inprobable changes in environmental, conditions; val ues well
out of range of others; sightings reported at unreasonable or unlikely
| ocations; and, for the behavioral data, illogical or inconsistent
behavi ors. Corrected data were filed at | ATTC and HSWRI to repl ace

earlier uncorrected files.
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Foll owi ng anal ysis, tapes of the corrected data were transferred
to Analytical Software, Inc. (ASl), Seattle, Washington, for conversion
into OCSEAP format 127 for submission with the final report, as required

by the contract.

Data Anal ysis

Data were examned as follows: 1) effort was tabulated overall, by
survey, by depth, by ice cover, and by Beaufort condition; 2) sightings,
by species, were tabulated overall, by survey, and by effort class; 3)

i ndi ces of abundance were cal cul ated, by species, for each survey and

for pairs of surveys; 4) nmaps were prepared to sunmarize effort and
sightings overall and by survey, and to summarize sightings, by species,
in various tenporal groupings; 5) sightings by species were tested for
depth, ice, and Beaufort relationships; and 6) estinmates of density and
abundance were calcul ated for species, areas, and surveys for which

there were sufficient sightings. In all analyses, the Bering Sea (bl ocks
1-6) and Shelikof Strait (area 7) were treated separately.

For each species we cal cul ated indices of abundance by survey and by
season, using

I - N/L Equation (2)

where N is the total nunber of individuals seen “on-effort” and L is the
total number of nmiles flown “on-effort”. For these sinple calculations
we grouped surveys by season as follows: spring (surveys 1, md to late
March, and 2, May to early June); summer (surveys 3,July, and 4, August);
fall (surveys 5, Septenber, and 6, late Qctober through mi d-Novenber);

and winter (surveys 7, January, and 8, nid-February to early March).
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Maps were prepared on a PDP 11/34 mini conputer using the AVP Mapping
Package produced by ASI. Estimtes of abundance were calculated on the
basis of line transect sampling. 3 The follow ng discussion, abstracted
from Burnham et al. (1980), briefly reviews the techni ques, the assunptions,
and the manner in which line transect theory has been applied to the present
dat a.

Line transect sanpling is a technique in which aninals are directly
observed and counted in a sample of the area which the target population
i nhabits. Such direct sanpling techniques: 1) assune that a popul ation
of aninmals inhabits an area A* and that the goal of sanpling is to estinate
the number of individuals in that population (Nt); 2) depend on selection
fromthe total area (A*) of a sanple area A (e.g., a set of rectangular
strips, quadrants, or circular plots); and 3) assume that the actual
nunber of animals (N) in the sanple area is observed and counted.

Since the goal is to estimate the nunber (N*) or the density (D¥),
which equals N/A*, it is necessary to relate the sanple to the population.
If our assunption is correct, i.e. that the sanple density, D= NA is
representative of the population, then the expected value of Dis D,

E(D) = D* Equation (3)

Under these circunstances the nunber of aninmals in the population is

estinmated by

N* = DA Equation (4)

* Abundance estimates were calculated by the IATTC, La Jolla, California,
under subcontract to HSWRI and ia consultation with the principal
i nvestigator, Leatherwood, and Bowles. Rel evant materials in
this report were abstracted from IATTC (P. Hammond and J. Laake). 1983.
Report on estinmates of density of marine mamuals sighted during aerial
surveys of the south eastern Bering Sea and Shelikof Strait. Final
Report to HSWRI, San Diego, Calif. 13 Septenber 1983 from the Inter-Anerican
Tropical Tuna Comm ssion, La Jolla, California, 92093, 13 Septenber 1983,
33 pp + 14 figures on unnunbered pages.



This relationship is valid if the followi ng assunptions hol d:
Assunmption 1 - The total area (A*) is sanmpled randomy, or the population
of animals (N¥) is distributed randomy over the area; Assunption 2 -

The animals do not nove, or the sanpling of the area occurs instantaneously
with regard to any movement; and Assunption 3 - The nunber of aninals
(N) in the sanple area (A) can be counted or estinmated without bias.

Assunptions 1 and 2jointly assure that the probability an aninal
isin the sanple area, A 1is equal to A/A* . In this sense, the sanple
area is representative. Assumpti on 3 nmeans that it is necessary to
determine density for the sanple area accurately. For strip transects
it is assuned that all animals within the sanple area are counted. This
is usually an unrealistic assunption unless the strip is very narrow
so, in nost applications of strip transects, the nunber of animals observed
(n) is very likely an underestimate of the number in the sanple area
(N).

This realization is fundanental to line transect sanpling, in which
it is recognized that, for a variety of reasons, animals will be m ssed
inthe sample area. If animals are counted only once, then the nunber
of animals (n) counted is the product of the nunber of animals (N) in the
area and the probability (P) of seeing an individual animal. [f P is known
or can be estinmated, then it is not necessary to assure that all aninals
are seen in the sample area, because a reliable estimate of N can be
constructed as

N= n/P Equation (5)
and the estinmate of the sanple density as
D = N/A = n/AP Equation (6)
The estimation of P is the central concept of line transect sanpling. In other

direct sampling techniques, such as strip or quadrant sanpling, P is assuned



to be unity. The follow ng describes the concepts and the necessary
assunptions for estimation of P.

As with strip transect sanpling, line transect sanpling is performed
by one or nore observers who travel along a line, of length L, and search
for aninmals out to a perpendicular distance, W on either side of the line
(so that A= 2LW. It is not necessary to define Whbecause it effectively
can be treated as infinite in the analysis. However, unlike the case
in strip transects, in line transects the perpendicular distance (X)
fromthe line to each observed aninmal is recorded (regardl ess of which
side of the line it is on). P can be expressed as

W Equation (7)
P=/gx)_1lgx
0 W
where Wis the width of the sanple area and g (x)dx is the probability of

seeing an animal or group of animals in the interval (x, x + dx). The

probability density function (pdf) of the perpendicular distance f(x) is

g(x) L 9(x)
f(x)dx = W = Equation (8)
w PW
! g(x)1 dx
W

0
The above rel ationships provide a conceptual basis for estimating P by
fitting a suitable function for f(x) to the observed perpendicul ar distances.

Then, as Burnham and Anderson (1976) showed, if all animals close to the

line are seen (Assunption 4), i.e. if

g(o) = 1, Equation (9)
t hen

f(o) =_1 Equation (10)
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and D= n = nf(0) Equation (11)
2LWP 2L

This shows that P and D can be estimated fromf(0), which is the value
at the origin (x = O of the pdf of perpendicular distances.

An unbi ased estimte of density is only possible if an unbi ased
estimate of f(0) can be nade. This requires that either f(x) be conpletely
known or that it can be estimted adequately fromthe data, at |east
near X = 0. Rarely woyld f(x) be conpletely known. At best, the paraneters
of a known function have to be estimated fromthe data. Therefore, it
is necessary that all measurenents of distance be without error (Assunption
5), so that the recorded distances reflect accurately the distribution f(x).
This assunption can be relaxed if the distances can be recorded correctly
into discrete intervals. An analysis can then be performed on the grouped
data, rather than on the individual measurenents

An estimte of the sanpling variance for density, as given by Burnham

et al. (1980), is

Var(D) = D’ (CV2(n) + CV’ (£(0))) Equation (12)
wher e cv2(n) = Var(n)/n2 Equation (13)
and CV2(£(0)) = var(£(0))/(£(0))2 Equation (14)

This will provide a valid estimate of the variance if sightings are
i ndependent events (Assunption 6).

A situation which obviously violates Assunption 6 is when animals
are clustered in schools or groups. This problem has been exanmi ned by

sevéral authors (e.g., Hayes, 1977; Burnham et al., 1980; Quinn, 1980).
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In such situations, the clusters are treated as objects which are sighted

i ndependent|y. The nunber of sightings (n) is the nunmber of sighted
clusters (e.g. schools or herds) and the perpendicular distance is recorded
to the cluster center. These perpendicul ar distances are used to estimte
f(0) and to construct an estinate of the density of clusters (D). An

average cluster size (C) is calculated and the density of animals is simply,

D = DCE Equation (15)
= Ekozc Equation (16)
2L

The estimate of D is unbiased if the above assunptions are nmet for D, and
if Cis an unbiased estimate of the true average cluster size. For the

latter to be true the follow ng assunptions are required:

Assunmption 7- Cluster size nust be neasured without error; and
Assunmption 8 - The size of the cluster nust not affect its probability
of being detected. An estimate of the sanpling variance for D can be

constructed by
Var (D) = D’ (cv¥(D),) + cv2(T)). Equation (17)

The application of line transect sanpling to a particular situation
invol ves sinmply collecting and analyzing the data in a nmanner which is
consistent with the above stated assunptions. The validity of the density
estimates produced is directly related to how well the assunptions are
satisfied. The present surveys, as described in the previous sections
and in the Results and Discussion sections bel ow, were designed and
executed to collect the data for line transect sanpling. Particular

met hods used for analysis are described further under Results and Discussion
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because they ware, to a large degree, a consequence of sone prelimnary
resul ts.

In addition to calculating indices of abundance and estimtes of density,
we attenpted, when data allowed, to correlate the observed distributions
of marine mammals with environnental conditions. To do so, we grouped
sightings by block, season and environnental type (Beaufort nunber, ice
cover, and depth class), by block and environnental type, and by environmenta
type al one, depending on the nunmber of sightings avail able.

Data so grouped were examined using a sinple statistical test, the
| og-likelihood ratio-test (“G Sekal and Rohlf, 1969: 549-601) for goodness
of fit* The G-test is preferable over the Chi-square (X) test because
in the former, tests performed over a subset of the data are additive,
whereas in the latter they are only approximately additive. The G values
are distributed as the X2 values and are interpreted using the sane
table. A nore rigorous multivariate regression analysis was rejected
due to the sparseness and considerable biases of our sightings.

Because of the snall sanple sizes, data from various seasons, bl ocks,
environmental variabl es and effort-classes had to be pooled. V& are aware
that conbining sightings from on- and off-track in this manner reduces the
useful ness of the test because the latter sightings were not collected randomy
However, we observed no significant difference in distribution of the sightings
fromon-track and those off-track and suspect the data are conparable.

Total nunbers of sightings were scaled by effort prior to statistica
anal ysi s.

We were only able to performsuch analysis, with varying levels of

success, for 6 species of cetaceans (gray, fin, minke and killer whales

and Dall's and harbor porpoises) and 3 species of pinnipeds (walruses
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Steller’s sea lions and harbor seals). For even the nobst frequently encountered
of these species, many cells in the above conbinations were enpty. For
various reasons discussed throughout this report we regard all tests
performed as exploratory and, at best, only suggestive of associations
of the animals with the environnental conditions indicated. The tests are
not “proof’'* of habitat preference.

The sampling scheme was not originally stratified by environnental
factors. As a consequence, the effort is heavily skewed in favor of
some depth classes, ice covers, or Beaufort |levels. Moreover, depth
class, ice cover, and Beaufort are not independent of one another. Since
each of these factors affects the sightability of animals directly or in
conbination with correlated factors, and since we cannot examine their
effects separately, any conclusions about the distribution of animals
with respect to a given environnmental type nay be nothing nmore than an
artifact of the effects on sightability of correlated factors, conmpounded

by small sanple sizes and heavily skewed effort.

Literature and G her Sources of Information

In addition to the data obtained during the aerial surveys, we
reviewed available literature pertaining to the areas under study,
concentrating on target species and recent publications. W also perused
the files of willing colleagues, and in all villages that were visited,
we interviewed scientists, fishermen, native |eaders, and other people
with local know edge. Among the nost inportant recent conpilations of
information on marine mammal s of the study areas are Lowy, et al.
(1982a,b) suppl emented by Hills and Pearse (1982). W depended heavily

on these three documents.
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We solicited and received from col | eagues reports of sightings of
marine mammal s in 1982-83 nade during cruises as follows: RV Mller
Freeman, Kodiak to St. Lawence Island return, July 1982 (Bernd
Wursig, pers. comm., 17 Novenber 1982); NOAA Ship Surveyor, Dutch Harbor
t 0 Navarin Basin return, July-August 1982 (John J. Brueggeman,
pers. comm., 12 January 1983); and Dutch Harbor to St. Law ence Island
return, September 1982 (Randall S. Wells, pars. comm., 9 Novenber
1982). Sightings of fin, minke, hunpback and killer whales and harbor
por poi ses made on those cruises were plotted on figures summari zing
sightings nmade during the present surveys or were included in text reviews.
However, neither gray whale nor Dell’s porpoise sightings, which were
nunmerous, were plotted because patterns they indicated were already

apparent from our survey data

RESULTS AND DI SCUSSI ON
The ampunt and quality of data collected during the eight aerial surveys
limted both the types and the quality of analyses that could be performed.
Therefore, before presenting systematic accounts of our findings by
speci es, we discuss the survey effort, describe the specific methods
used for density estimtion and the prelimnary results which dictated
the use of those methods, present the summary results, and discuss limtations

to the density estimates.

Survey Effort

Effort is expressed as nunber of linear nautical nmiles (rimj of flight
during which data were systenmatically recorded. Planned and actual
apportionment of effort by block and zone can be seen in Table 2. During

the eight survey periods we flew a total of 28,743nm (53.232 km) “on effort’”.
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O thattotal, 1,596nm (2, 956 km) were flown outside and 27, 147mm (50,276 km
inside the study areas. O this latter class, 24,164nm (44.752 km) were
in the Bering Sea [17,376nm (32,108 kn) on-transect and 6, 788nm (12,571 km)
of f-transect] and 2,983nm (5,525 knm) were in Shelikof Strait [2,015nm (3, 732 km)
on-transect and 968nm (1,793 kn) off-transect]. The geographical and tenpora
distribution of effort is shown in Figures 8-11
Before starting the analysis, we exanmined the effort by various
conbi nations of area, survey(season), and environmental condition. W
found no substantial differences in the distribution of effort on-transect
and that off-transect with respect to the nobst inportant environmenta
variables (e.g. for wind force conditions encountered on-and of f-transect
see Figure 12). Therefore, for descriptive analysis we conbined al
effort in all areas.
The indices of abundance were cal cul ated using all effort within
the study areas. The subsamples of effort used for density estimtes were the
17.376 nm (32,108 kn) and 2,015 nm (3,732 km) of survey on transect, and
their associated sightings in Bering Sea and Shelikof Strait, respectively.
The distribution of effort by Beaufort nunber and block is shown in
Figure 13. Note that, in this figure and in following figures and tables
the “other areas”* are coastal transits and connecting legs. Effort by
Beauf ort nunber and season within each block is shown in Figure 14. The
data represented in Figure 13 are sumarized in Table 4. Overall, higher
proportions of surveys were conducted in conditions of Beaufort 2 (179,
3 (27%, and 4 (21% than in remining conditions (Beaufort 0,10% 1,8%;
5 12% 6,4% and 7,<1%. In the Bering Sea, wind and sea surface conditions
were generally nost favorable to survey in the two easternnost blocks (1
and 6), and slightly less hospitable in the northernnmost block (2). Sea

state was consistently significantly higher in block 3 and reached a
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Figure 12. The distribution of survey effort by Beaufort nunbers (all
effort within the study areas).
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Table 4.

Summary of overall effort by block and Beaufort number.

Beaufort Effort Summary

Beaufort

all
trk
0t

Overall
block

WY NP W~

SE Bering

On -track
bl ock

—~ oL W —

SE Bering

Off-track
block |

© a9 PD wr

SE Bering

2718
2233
485

546
1150
688
0
12;

21:

2718

467
1056
688
0

22

2233

485

2260
1410

850

648
179
637
127

92
105
303
169

4508 7278 5786
3107 4811 4338

1401

846

592
586
625
391
572
632
264

2467 1448
1516 736
617 306
098 1010
019 1099
510 726
011 1044
046 731
461 134

1957 3876 6232 5055

475 638
167 547
353 532
96 473
57 97
51 374
21 446
1199 2661
173 208
12 45
284 54
31 152
35 294
54 198
92 186
169 264

946 621
464 300
980 821
854 806
315 521
604 753
648 516
4163 3822
570 115
153 6
118 189
165 293
195 205
407 291
398 215
461 134

758 1215 2069 1233

205

3296
2693
603

301
169
779
780
496
496
228

47

3068

224

56
761
725
380
359
188

2505

77
113
18
55
116
137
40
47

563

1156
682
474

12

279
252
205

97

202

1113

30
216
252

84

87

676

36
63

12:
10
37

202

437

7

145
117

28
14

0
109
14

145

10:

11

O oo

7

O OO OO ™

N
oo

Total

27147
19391
7756

4619
3079
5077
4011
2434
3456
2983
1488

24164

3348
2620
4351
3315
1462
2250
2015

17376

1241
459
726
696
972

1206
968

1488

6788

Proportion
of total
effort

1.00
.71

.29

A7

.19
.15
.09
.13
A1
.05

.89

12
.10
.16
12
.05
.08
.07

. 64

.05

.03
.04
.04
.04
.04
.05

.25



peak in blocks 4 and 5 (Figure 13). These overall trends are probably
related somewhat to ice cover (Figure 15; Table 5), as winds are often
abated or their effects on the seasurface subdued by the presence of
extensive ice cover. Blocks 4 and 5 are principally ice-free. The

remai ning four zones, however, are at least partially ice-covered in
winter and spring. Consistent with the above observations, conditions
within blocks 1-3 and 6 were better for survey in winter and spring than
they were in summer and fall, while in blocks 4 and 5 conditions remained
approxi mately the same throughout the year or worsened slightly during
winter.

In Shelikof Strait, wind and sea surface conditions were roughly
conparabl e overall to those for all Bering Sea blocks conbined. However,
there were no seasonal effects observed in the strait. The area is
i ce-free, year-round.

The distribution of survey effort by depth class is sunmmarized
in Figure 16 and shown by depth class by block in Figure 17 and Table 6.
Overall, we spent 78% of our effort overwater |less than 100 fathoms (183m)
deep and 69% over water shallower than 60 fathoms (110m) deep. The only areas
where there was substantial effort over water deeper than 100 fathons
(183m) were Shelikof Strait and blocks 4 and 5, the latter two areas

including significant anounts of water nore than 500 fathons (915m) deep.

Si ghtings of Marine Mammal s

During the eight survey periods we nade a total of 1,864 sightings
of marine mammals, including 178 outside the study areas (6 in Cook Inlet,
the renmainder in the Bering Sea) and 37 for which no data were recorded on

group (or herd) size. Because they conplicated data analysis and represented
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Table 5. Summary of overall effort by block and percent ice cover.

of total

I ce cover O 1-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 999 Total effort

All 23135 297 133 99 78 157 201 295 819 883 1390 10 27497 1.00

trk 15856 217 76 78 75 128 147 230 665 745 1191 0 19408 71

ot 7279 80 57 21 3 29 54 65 154 138 199 10 8089 .29

Over a | |

block 1 3531 50 21 15 32 37 81 84 311 321 157 0 4640 17

2 1423 60 95 45 20 32 42 81 303 179 781 9 3070 A1

3 3939 134 8 20 26 61 55 118 163 349 429 0 5302 .19

4 4006 8 0 0 0 0 0 0 0 0 0 0 4014 .15

5 2389 0 0 0 0 0 0 0 0 0 0 0 2389 .09

6 3279 21 7 9 0 21 16 12 29 17 23 0 3440 .12

7 2996 0 2 0 0 0 0 0 0 0 0 4] 2998 A1

9 1572 24 0 10 0 (1] 7 0 13 17 0 1 5084 .06

SE Bering 20139 297 13 99 78 157 201 295 819 883 1390 10 24499 .89
On-track

block 1 2425 46 21 15 32 37 65 66 264 287 141 0 3399 .12

2 1181 45 45 17 32 38 62 303 162 705 0 2622 .10

-3 3252 1;: 8 18 26 47 37 102 98 294 342 0 4355 .16

4 3309 8 0 0 0 0 0 0 0 0 0 0 3317 .12

5 1464 0 0 0 0 0 0 0 0 0 0 0 1464 .05

6 2226 0 0 0 0 12 7 0 0 2 3 0 2250 .08

7 .1999 0 2 0 0 0 0 0 0 0 0 0 2001 .07

SE Ber 1ng 13857 217 74 78 75 128 | 47 230 665 745 1191 0 17407 .63
Off-track

block 1 1106 4 0 0 0 0 16 18 47 34 16 0 1241 .04

2 242 28 50 0 3 0 4 19 0 17 76 9 448 .02

3 687 3 0 2 0 14 18 16 65 55 87 0 947 .03

4 697 0 0 0 0 0 0 0 0 0 0 D 697 .02

5 925 0 0 0 0 0 0 0 0 0 0 0 925 .03

6 1 053 21 7 9 0 15 9 12 29 15 20 0 1190 .04

7 997 0 0 0 0 0 0 0 0 0 0 0 997 .04

9 1572 24 0 10 0 0 7 0 13 17 0 1 1644 .06

SE Bering 6282 80 57 21 3 29 54 65 154 138 199 10 7092 .26
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Table 6. Summary of overall effort by block and depth class.

Proportion

of total

Depth 1 2 3 4 5 6 7 8 9 10on 12 13 14 15 99 Total effort
Al'l 2910 3646 3705 4621 2589 1627 1153 651 313 293 1210 275 199 207 1208 3023 27630 1.00

On-trk 113 979 820 132} 905 557 243 76 31 58 244 66 55 62 468 922 7990 .29
off-trk 1797 2667 2885 3300 1684 1070 910 575 282 235 966 209 144 145 740 2031 19640 J

Over all
block
1 1156 1075 1493 847 57 0 0 0 0 o -0 0 0 0 0 0 4628 A7
2 557 928 591 972 0 0 0 0 0 0 0 0 0 0 0 0 3048 A1
3 94 655 880 1561 952 573 387 25 7 8 13 2 2 2 0 0 5161 .19
4 42 n 26 130 418 237 300 422 79 53 169 118 94 75 617 1879 4670 17
5 78 21 26 19 44 40 14 26 27 29 130 96 2] n? 527 774 2039 .07
6 291 449 320 821 724 361 302 40 25 37 26 12 6 16 1 3454 12
7 401 397 235 158 108 84 1 ns 1 1;: 802 0 0 0 0 339 3094 A1
9 291} 110 134 113 286 332 39 20 4 10 59 33 20 7 48 30 1526 .05

SE Bering 2509 3249 3470 4463 2481 1543 1042 533 142 123 408 275 199 207 1208 3023 24536 .89

On-track
block
~ 1 915 890 1220 364 0 0 0 0 0 0 0 0 0 0 0 0 3389 12
© 2 416 85 563 902 0 0 0 0 0 0 0 0 0 0 0 0 2737 .10
3 79 484 797 1345 757 507 305 22 4 5 8 1 2 2 0 0O 4318 .16
4 10 3 8 60 212 165 264 420 76 47 152 111 83 62 364 1314 3354 12
5 2 19 10 12 25 2 9 10 25 24 92 72 59 81 376 647 1503 .05
6 102 175 155 526 610 313 239 31 24 26 25 0 0 0 1 2249 .08
7 254 245 132 91 80 64 90 92 153 I;; 688 0 0 0 0O 69 2090 .08

SE Bering 1543 2427 2753 3209 1604 1006 820 483 129 98 278 209 144 145 740 1962 17550 .64

© Off-track
block

1 241 185 273 483 57 0 0 0 0 0 0 0 0 0 0 0 1239 .04

2 141 72 28 70 0 0 0 0 0 0 0 0 0 0 0 0 311 .01

3 15 171 83 216 195 66 82 3 3 3 5 1 0 0 0 0 843 .03

4 32 8 18 70 206 72 33 2 3 6 17 7 11 13 253 565 1316 .05

5 2 16 7 19 19 5 16 2 5 38 24 12 36 151 127 536 .02

6 1:; 274 165 295 114 48 63 9 1 1 1" 1 12 6 16 (] 1283 .83

7 147 | 57 103 28 20 21 26 18 33 114 0 0 0 o 270 1 .
9 291 110 134 1:; 286 332 39 20 4 10 59 33 20 7 48 30 1536 .06
SE Bering 966 822 717 1254 877 537 222 50 13 25 130 66 55 62 468 722 6986 .25




only a small part of the data base, these last two types of sightings

were discarded from data sets analyzed, though they were mapped on distribution
plots* Included among the 37sightings with no estimate of group size are
22sightings of sea otters concentrated in a snall segment of block 6,

zone 2,0n 24 Septenber 1982.

O the above sightings, 1649 were nade on-effort within the study
areas, 1,344 in the Bering Sea and 305 in Shelikof Strait (Tables 7, 8,

9). The subsample appropriate for density analysis, i.e. those sightings
made while on the random transects, consisted of 1,106 sightings, 895 in
the Bering Sea and 211 in Shelikof Strait (Appendix I1l).

In the Bering Sea, cetaceans were encountered with the follow ng,
decreasing frequency; gray whale, 105 sightings (323 individuals); Dan's
por poi se, 66(166); harbor porpoise, 35(52); killer whale, 31(165);
beluga whal e, 25(109); ninke whale, 28(35); fin whale, 6(12); humpback
whale, 3(6); bowhead 1(7); and sei whale, I(l) (Figure 18, Table 7).

The remaining sightings of cetaceans 24(37), could not be positively
identified to species. In the same area, other species were encountered

as follows: walrus, 434(4,816);3 sea otter, 180(1,256); harbor seal, 68(535);
Steller's sea lion, 66(3,268); bearded seal, 48(60); northern fur seal,
13(33); ringed seal, 10(10); ribbon seal, 6(8); and largha seal, 4(4).

The remaini ng pinnipeds seen 189(326), were not identified to species

(see Figure 18, Table 8).

In Shelikof Strait, marine mammals were encountered as follows;
sea otter, 94(1739); Steller's sea lion, 78(3,936)4; Dan’s porpoise,
45(164); harbor porpoise, 27(48); fin whale, 16(44); harbor seal, 14(308);

minke whal e, 6(6); hunpback whale, 5(9); killer whale, 4(67); beluga

4 These figures for pinnipeds do not include sone counts on rookeries.
Once such concentrations were detected on routine surveys we returned
to them as possible, on subsequent surveys.




Table 7. Summary of sightings of cetaceans in blocks 1-6.

A = all

T = transects

o= x legs & transits

NC = no count of animals
#sightings (#animals)

022

Spp
code

Sur vey 02 03 05 06 07 o08 10 72 14 18 20 26 27 28 29 32
T1 1(2) 1) 1(1) 0 2(2) 0 1(7) 0 1(1) 2(45) 3(28 0 0 2(4) 1(2)
01 0 0 0 0 0 5(9 0 0 0 T(2 2(12 1(2 0 4(10 0 0
all ~ 1(2) 1)y 10 0 2(2)  5(9 0 0 (1) 3(41 5(40 1(2 0 6(14 1(2)
T2 (2) 0 (¢ 0 0 1(90) 0 0 0 2 3(24 1Y 2(6) 5(10) 0
02 0 0 7(1 0 T 47(208) O 0 3(a) 3010 6(29 0 T(1 5(26 3(7) 0
all T2 0 B(T7 0 T(1 88(298) O 0 Ay A(12 9(53 0 4 (32 BT 0
T3 12 0 101 0 0 2(3 0 0 0 0 0 0 0 3(4 0 (1)
03 0 0 303 0 1(1 72(3 0 0 0 0 0 0 0 2(3 0 0
all 1(2 0 4(3 0 100 4(6 0 0 0 0 0 0 0 5(7 0 101)
T4 2(4 0 4(5 2(4) 0 0 2(3 T({T) 2(%) 0 0 TO[16) T13(15) O
04 0 4(6 0 0 0 0 1(1) 1(1 0 5(23) 1(4 0 6(6) 5(6 ]
all Z2(4) 0 g1y 2(4) 0 0 0 1(1) 3 1) 727y (4 0 To(22) 18(21) O
T5 0 0 3(3) 0 1(1) 0 0 0 0 0 1(3) 0 3(5 2(2 0
05 1(2) 0 T(2 0 709 0 0 0 T(65 (27 0 0 2(% 3(5 0
all 0 0 3(3 T(2) 10y 7(9 0 0 0 T(65 5(30 1(3 0 5(9 5(7 0
T6 0 0 2(2 0 101 (1 0 0 0 101 2(5 1(3) 2(2) 5(7 6(8 0
06 0 0 0 0 0 0 0 0 0 T(6 0 0 T2
all 0 0 2(2 0 1(1)y  1(1) 0 0 0 T 3(11) 0 2(2)_ 5(7 5(8 T2
T7 0 0 2(2 0 0 0 0 0 0 18(57) 2(4) (&) O 14(54 (1 1(2
07 0 0 0 0 0 0 1] 0 0 0 0 0 0 2(10 0
all 0 0 2(2) 0 0 0 0 0 0 18(57) 2(4) 1(4) 0 16(64 1{1) 1(2)
T8 0 0 0 0 0 0 0 0 0 2(10) 0O 0 0 6(11 0 0
08 0 0 0 0 0 0 0 0 1] T(27) 0 0 0 0 0
all 0 0 0 0 0 0 0 0 0 9(37) 0 0 0 6(11) 0 0

Tot T 5(10) 1) 14(15) 2(@4) 4(4) 44(9%) 1(7) o 2(3) 22(104) 13(68) 1(4) 3(3) 45(107) 28(38) 2(3)
01(2) 0 14(20) 1(2) 1(1) 61(229) 0 I(l) 5(6) 3(5) 18(97) 3(9) I(I) 21(59) 7& 14) 1(2)
A 6(12) (1) 28(35) 3(6) 5(5) 105(323) W7) 1(1) 709 25( 109) 31(165) 4(13) 4(4) 66(166) 3652) 3(5)
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Table 8.
A= all

Summary of sightings of pinnipeds and otters in blocks 1-6.

T =transects

0 = x legs & transits
NC = no count of animals

#sightings(#animals)
Sp
code
survey 80 81 82 83 84 85 86 87 88 89 90 91
Tl 3(3) 0 92(280 2(2) 0 0 22(27) O 24(51) 3315 6(86)  3(12)
) 6{2290 c(/6 5(8) (620)
all 13(65) 7(59) 28(2570 4 (78) 0 0 22(27) O 29(59) 3(15) II(706)  3(12)
T2 33{183 22(143) 3(3) /)
T0 44(309) 15( 19) 36(504 3(3) 1{7) 0 5(10) 0 24(104) 0
all 52(327) 36(54) 69(687) 34(200)  3(3) 8(8) 17(24) 0 15(20) 0___20(196) 0
T3 0 1yt v v v v v v v 3(4) - -
03 {1 —1( 4 0 U T ] 0 U 0 1) 0
all 1{1 2(2 1(1 0 0 0 0 0 0 3(4 0 0
RL 20(40) 0 5(5) 0 0 0 0 T18(19]) 2(2 0 0
04 12{175 2(7 15(28 5(18 0 0 0 0 3(3) 0 6(1597 0
ail 22(215 2(/ 15(28 10{(23 0 0 1] 0 22(23 2(2) _6(1597 0
15 26(4/71 (1 15(35 10(195) 0 0 0 0 12(13 0 e(77 0
05 5(10) (12 LIQD) 3(25) [ LI 0 0 T(T 5(12)__9(47 0
all 3.,481) 15(23 16{35) 13(220) 0 1{1 0 0 13(14 5(12) 15(548 0
16 13145) N 5/7(180) o(l1) 0 1] 0 10{12 U (1) 0
06 (1 0 0 0 0 0 ) 0 0 0
all 13(45) 5(5 57(186 6(11) 0 0 0 0 10(12) 0 1(1) 0
17 3a(117)  13(15) 48(369 0 0 0 3(3) 0 1(1) 1] /{35 0
0/ 1{3 0 0 0 0 0 3(1/ 0
all 3300117)  13(15 48(369 1(3 0 0 3(3 0 1(1) 0 10(206 0
T8 2(3 9(12 8/(/8/ 0 1{1) 0 5(5 6(8) I{7) 0 3(14) 0
08 V(1 1{1) 13(152 0 -0 0 1(1 0 0 0 0
all 3(4 10(13) 100{939 0 1(1) 0 6(6 6(8) 7(7) 0 3(14) 0
Tot T 106(698)  57(78) 332(2105) 45(356)  I(1) 3(3) 40(52) 6(8) 82(113) 8(21) 25(305) 3(12)
] 74(558)  33(100)  102(2976) 23(179)  3(3) 7(7) 8(8) 0 15(23)  5(12) 41(2963) 0
A 180(1256) 90(178)  434(4816) 68(535) 4(4) 10(10) 48(60)  6(8) 97(136) 13(33) 66(3268) 3(12)
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Table 9. Summary of sightings of marine mammals in block 7.

A = all

T = transects

0 = x legs & transits
NC = no count of animals
#sightings (#animals)

02 05 06

14 18 20 28

29 32 80 81 83 89 90 91
TI 0 0 0 0 0 0 1(4) 1(2) 2(7) 7(149) 0 1(14)  1(1) 4(s)  3(3)
1)) 0 0 0 0 0 0 0 ) 0 0 0 0 0 0 0
all 0 0 0 1(1) 0 0 1(4) 1(2) 2(7) 7(149 0 1(13) ___1(1) 4(5)  3(3)
7 22 702 0 0 0 01038 A7 0 9(38 0 0 0 TO(559) 0
02 101 T 0101 0 1(6) __10(54 5(9 (] T9(409) 0 0 0 TT065) 0
all 3037 3(3 0101 0 1(6 20(92) __T0(16) _ 3(4 0 0 0 0 20(720) 0
13 2 0 TZ) 1Q 0 0 3(5) 2(3) 0 (294 0 0 0 2(1503) 0
0372 0 0 0 0 0 (330 0 0 0 0 0
all_ 9(30 0 0 1(1) 0 0 3(5) 2(3) 0 8(624 0 0 0 2(1503) 0
T4 2(6 0 0 0 Y 3(6TY3(10) (1) 0 © 0 1(1) 0 5(959 0
0 1(2 0 0 0 0 0 0 T 0 0 Z(T70 0
all__3(8 0 0 0 ) __3(61) 3010 (1) 0 4(9 0 101 0 9(1129) _ 0
5 T1(3) TN 0 0 0 0 (18 5L17Y 0 20720 072 0 4T 0
05 0 0 4(7)__0 0 0 (1) (5) 0 3(25) 0 0 0 2016 0
all __1(3)__ 10 4(7) 0 0 0 5(15)  10(22) 0 T5(146) 0 7(258) 0 1(63) 0
T6 0 202 0 0 0 T(2) 0 5(262) 0 4(38) 0 TZ(307) 0
06 0 0 00 0 0 0 0 0 T(5) T 0 0 AT 0
all 0 163 ) 0 0 0 T(Z 0 0 T(263) Y(1)__4(38) 0 T6(318) 0
7 0 0 0 0 0 0 5120 T(?) 3(3) TI(61) 1] 0 0 8OIT4) 0
07 0 0 0 0 0 0 0 0 0 0 0 0 0 6(80) 0
all 0 0 0 0 0 0 5(20) __1(2) 2(3) 11(61) 0 0 0 4(194) 0
18 ] 0 0 0 T 0 TLT6)——2(2) L) T4(36) T 1 0 2(4) 0
08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
all 0 0 0 0 0 0 7006) __2(2) 0 T4(36) D11} 0 L)) 0
Tot 7(17) 5(5) 12 22 V1) 3(61) 34(109) 17(34) 4(10)  68(969) 0 14(308) | (1) 51(3494) 3(3)
o 9@7) I(i) 4(7) 1) o 1{6) 11(55)  10(14) 3(4)  26(770) 121) 0 0 27(442) 0
all 16(44) 6(6) 5(9) 3(3) I(l) 4(67) 45(164) 27(48) 7(14) 94(1739) 1( 1) 14(308) 1(1) 78(3936) 3(3)
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whale, I(l); and northern fur seal, I(l). The remaining sightings were
not identified to species - cetaceans, 10(17), and pinnipeds, 4(4) (see
Figure 19, Table 9).

As with effort, we exam ned sightings by species, survey (season),
bl ock, and environmental type, focusing on endangered whales and other
species for which there were adequate nunbers of sightings to support
some analysis. Effort and sightings used in descriptive analysis and in
cal culating indices of density are summarized in Tables 4 through 9
Those used in estimating density are sumuarized by survey iZn Appendi X
[I.  In the appendix effort is stratified by Beaufort nunber, as this is
the variable most likely to affect the probability of detecting aninals
in open water (Leatherwood and Show, 1980; R Holt, NNMF.S. , pers.

comm. ).

Data Anal ysis

As can be seen in Table 2, which gives the lengths of lines and
the proportions of areas searched, we achi eved moderate success in obtaining
a bal anced random sanple. (For the sanple to have been conpletely random
among strata i n bl ocks 1-6, proportions of area and line-lengths should
have been identical). The only major exception was in block 4, zones 3
and 4, which were surveyed in only 3 of 8 surveys (see Figures 8-11), due
to poor weather conditions. In fact, sea states in blocks 4 and 5 were
significantly worse than el sewhere. Therefore, these 2 blocks, containing
a substantial area seaward of the continental shelf [as defined by the 1000
fathom contour (1,838m)] , were treated in the analysis separately from
bl ocks 1-3 and 6, which conprise exclusively (blocks 1 and 2) or almost
exclusively (3, ca. 97%, and 6, ca. 80% continental shelf or continenta
slope waters. In all data analysis, block 7 is treated independently of

bl ocks 1-6.
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Al though analysis followed generally the procedures outlined by Burnham
et al. (1980), certain modifications were required because of three
maj or deficiencies in the data. First, nost clinometer angl es (90%)
were rounded to 5 degree increments. To reduce the effects of this bias
we considered the angles to be grouped in classes +2.5° around each
multiple of 5°. Resulting angle groups correspond to varying |engths of
per pendi cul ar distance. For exanple, the 5° interval between 77.5° and
72.5", near the track line, corresponds to a strip 0.,012nm (0.02 knm) wide,
wher eas the conparabl e span between 17.50° and 12.50°, far fromthe
track line, corresponds to a strip 0.166nm (0.3 kn) wide. For the probability
of detection to be the same in these two intervals we woul d have needed
roughly 14 times (0.166/0.012) nore sightings In the far interval than
in the close interval. This problemis apparent in Figure 20, in which
the probability density functions are scaled to reflect the wi dening
intervals.

Also illustrated in Figure 20 are two further problens, nanely that
very little was seen in the intervals indicated by angles from90° to
72.5° [within ca. 0,03%m (0.07km) of the track line] and that the
probability density varies widely in contiguous intervals. The first
problemresults from obstructed downward visibility in all three aircraft
made available for the surveys - i.e. observers were sinply not able to
see along or near the track line. The second problemis probably a
function of secondary rounding of angles into 10° increnents. Most
sightings were noted in 5° intervals; of those recorded in nultiples of
5°, 59%were also recorded in multiples of 10°

Based on all the above observations, we chose to consider in analysis
in general only those sightings nade at recorded angles less than 72.5°

This angle corresponds to the point under the aircraft used where the
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detection probability of sightingsdrops precipitously. Followi ng in-depth
exam nation by species, we chose to further limt data on the walrus and
bearded seal, accepting only sightings with recorded angles |less than

67.5° (greater than ca. 0.,051lam (0.09 km) from the transect-center-line).
Thus, the assunption that g(0) =1 is replaced in the present analysis

by the assunptions that g (0) =1 at x = 0.039 (for 72.5°) and at x ~
0.051 (for 67.50). The validity of these assunptions and their effects

on results are discussed bel ow

Because of the tendency of observers to round in 10° increnents we
grouped the angles for analysis into increments of 10°. Thus, for species
in which sanples were truncated at 72.5°, the angle intervals were 72.5
- 62.5°, 62.5 - 52.5°, 52.5 - 42.5°, 42.5 - 32.5°, 32.5 - 22.5", 22.5 -
125°and 12.5 - 2.5° and for those truncated at 67.5" the angle intervals
were 67.5 - 57.5°, 57.5 - 47.5°, 47.5 - 37.5”, 37.5 - 27.5°, 27.5 - 17.5°,
17.5 - 7.5°, 7.5 - 2.5°.

We encountered two further problems in the data collected, nanely
that there were some sightings for which perpendicul ar distance was not
noted and some sightings for which the species was not identified. To
counter the first problem we used all sightings with known perpendicul ar
distance to estinmate f(0) and then used all sightings to estimate density.
This procedure assumes that sightings with unknown perpendicul ar distance
are distributed the same as those with known (estimated) perpendicular
di stance. The proportion of such sightings for a given species was
usually 5-10% (maximum 16%; so, that assunption is probably reasonable.

The second problem could not be dealt with satisfactorily because we had
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no basis for prorating to species those sightings logged as unidentified<.
categories with sufficient sanmple sizes.

In estimating f(0) fromthe estimtes of perpendicul ar distance we
investigated two models, a Fourier series - the sumof a series of
cosines - and a generalized exponential of the formf(x) = exp ( —xP).
Both models can fit a variety of shapes of distribution and have been
widely used in line transect applications. The specific nodel chosen to
represent each distribution varied by species, based upon which performed
better.

The variance of n was calculated by treating each segnent of 1line-
| ength searched within a zone as a replicate and accounting for varying

line-lengths so that

var(n) =

L R
BTt
=1

Ni - n
-1 L

Equati on

where R is the number of replicates.

Density estimates
We were able to estimate density for only 9 species or species groups

gray whales, Dan’s porpoises, harbor porpoises, sea otters, Steller's

sea lions, harbor seals, bearded seals, unidentified phoecids, and wal ruses
They are presented as density of “schools” (= herds, pods, aggregations,
etc.)expressed as schools per 1000nm? (3,430 km2) and density of animals
(expressed as aninals per 10000m2), with standard deviations for each

(Table 10). The distributions of perpendicul ar sighting distances supporting
t hese estimates (shown as histograms of probability density) and the

distributions of school sizes (shown as histograns of frequency) are
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Table 10. FEstimates of the density of “herds”, nmean herd size and the density
of animals. Densities are expressed as nunbers of herds or animals
per 1000nm2 (3430 km?).

Speci es Survey  Block n Dy sd(Dy) h sd(h) Dy sd(D,)
Gay whale 2 1,2,6 33 120. 2 100.5 1.970 0.211 236. 8 199. 6

Dan’ s All 1,2,3,6 15 4,945 1. 043 1.600 0.163 7.912 1. 951

por poi se 4,5 27 34.08 14.79 2.852 0.760 97.20 49,50

7 28 57.72 28. 74 3.143  0.436 181. 4 93.76

Har bor Al 1,2,3,6 27 9.518 2.593 1.370 0.121 13. 04 3.734

por poi ses 7 17 37.48 12.52 2.000 0.402 74. 96 29. 22

Sea otter All 1,2,3,6 69 50. 87 36. 30 7.403 1.696 376.6 268.7

7 55 174.5 34. 86 11.83  3.826 2,064 784.6

Steller's All 7 39 104.5 23.79 27.45 10. 53 2,869 1,280
sea-lion

Har bor seal All 1,2,3,6 33 9. 061 4,902 2.546  0.579 23.07 13. 54

Bearded seal All 1,2,3,6 38 13. 80 5.596 1.316  0.142 18. 16 7.620

Unidentified Al 1,2,3,6 69 18.18 3.569 1.464 (.157 26. 62 5.955

phocid

Walrus 6 1,2,3,6 51 83. 47 85. 37 3.255 0.630 271.7 282.8

7 1,2,3,6 38 69. 64 36. 86 7.211 2.865 502.2 332.4

8 1,2,3,6 68 82. 60 41. 88 10.03  2.598 828.5 471.7

1 1,2,3,6 94 136. 8 74,27 6. 351 2. 907 868.8 616.9

2 1,2,3,6 25 72. 84 91. 66 3.280 1.008 238.9 309.5

All 1,2,3,6 285 73.61 23.54 6.400 1.216 471.1 175.1

Dy, = density expressed as nunbers of herds

Da = density expressed as nunbers of animals
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shown under the species in the systematic accounts below. [t is inportant

to bear in mind that the sightings data have been truncated at a perpendicul ar
di stance of 0,05lnm for the walrus and bearded seal but at 0,03%m for

all other species. Also, for Dan's porpoise and the harbor porpoise,

f(0) was estinmated fromall data collected in blocks 1, 2, 3, 6 and 7

but estimtes of density were nade separately for blocks 1, 2, 3, and 6

conbi ned and bl ock 7 independently. Periods and areas covered by the

various estimates differed by species or species group (Table 10).

For all species or species groups other than the 9 indicated above
there were sinply insufficient data to estimate f(0); so, density could
not be estimted. The absence of a density estimte should not be taken
to nean that a species was not present in the study areas at the tinme of
the surveys or that the areas are not inportant to the present or the
recovering popul ation(s) of such species (see systematic accounts, below).
The smal|l sanple sizes, which severely restricted data analysis, resulted
fromthe smal |l amount of survey effort relative to the huge study area,
the obstructed visibility under the aircraft (the nost serious deficiency

in the data), and the poor sighting conditions over nmuch of the area.

Limtations to Density Estimates

Even for those species and species groups for which sanple sizes
proved | arge enough to support estimates of density, the resulting
figures are fraught with problems. Such estinates of density can only be
considered reliable if the assunptions of line transect sanpling are
met. In the present analysis inportant assunptions are certainly or

probably vi ol at ed.
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First, and most important, the requirenment that g(0) =1 is not
met. This is always true for aircraft with obstructed downward visibility,
in which the transect center-line and some associated strips cannot be
adequately surveyed, resulting in too few sightings at small perpendicul ar
distances (Figure 20). Truncating the data at a certain perpendicular
di stance fromthe transect center-line, evaluating the function at this
point, and assumi ng the underlying distribution to be flat up to x = Q
as tentatively investigated by Leatherwood et al., (1982d), definitely
produces negatively biased estimates. Aerial surveys using suitable
aircraft (i.e. with a nose bubble and high wi ngs) have shown that the
distribution of perpendicular distances is not flat close to x
= O but, rather, can be very steep, with the frequency of sightings
dropping rapidly as perpendicul ar distance increases. This effect presunably
results fromthe fact that observers in the nose bubble have nore tine
to detect animals on and close to the transect |ine than do observers
who are seated in the rear of the aircraft and are searching predom nantly
away fromthe transect line. The effect was clear in all data obtained
on the present surveys, even with the addition for surveys 3-8 of side
bubbl e wi ndows from which observers could theoretically see the
transect line. |t is inpossible to estimate the degree of bias caused
by the lack of visibility on the transect center-line, but a recent
anal ysis (Rennie S. Holt, pers. comm.) has shown that the probability
density in the first 0.05mm (0,09 knm) interval, essentially under the
aircraft, may be as much as twice as great as that in the next interval.
The result is that when downward visibility is obstructed, density may

be underestimated by up to one-half of the number actually present.
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In the case of animals occurring in |low density and detectable from
aircraft only at close range, the negative bias is much greater.

Second, marine mammals spend a large proportion of their tinme submerged
and therefore undetectable by a surface or airborne observer (Leatherwood
et al., 1982b), “This problem of detectability is conmpounded in surveys
of animals that travel singly or in small groups. A wholly acceptable
correction would require an estimte of proportion of “groups’” missed
which is based on realistic information on relative speeds of aircraft
and animals, distribution of dive tines by species, area, and season
and length of time a given point in the transect strip is visible to the
observer. In the absence of realistic estimtes of all the above factors,

we regard corrections to survey data as haphazard mani pul ati ons of the

nunb e rs

Third, in typical sightings fromaircraft, particularly when circling
time is limted (as for sightings of species groups of secondary inportance,
si ghtings made under circunmstances conpronmising to safety, and observations
made during periods of rough weather or sea surface when probability of
recontact is low), marine nanmals may be difficult to identify to species.
For exanple, in an aerial census in 1979 of dol phins in the eastern tropica
Pacific, 47%of the herds seen could not be positively assigned to a
species. Data fromthe present surveys included many such sightings.
The best way to treat such data would be to prorate them according to
identified species based on observed densities. However, this approach
woul d require sufficient samples to estimate density for all species
identified; with our small sanple sizes we were unable to meet this
requirement. The alternative - prorating strictly on the basis of the

number of sightings - unreasonably assunes equal sightability anong
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species. Wien sightings of unidentified animals are not taken into
account, density estinmates are biased farther downward.

Fourth, weather affected the balance of the survey sanples. To
achieve wholly acceptable estinmates, there nust be sufficient survey
time under acceptable conditions to obtain sanple sizes large enough for
for density estimation. This may require stratification of the study
area into areas where simlar sighting conditions are expected and apportioning
searching effort in each of them based upon the expected severity of the
conditions. The mmjor point here is that poor weather conditions reduce
t he sightability of animals fromaircraft, possibly on, but certainly
away fromthe transect center-line. R Holt (pers. comm.) has
shown that sighting distributions of dolphin schools in the eastern
tropical Pacific change narkedly with sea state, beconing nore *‘*spiked”
close to the transect 1lime in poor weather. \Wen conbined with the
probl ens resulting from obstructed downward visibility, the effects on
density estimates of such poor weather could be severe, particularly for
speci es which occur in small groups or in pelagic regions. During
the present surveys, sighting conditions in blocks 4 and 5 were worse
than those in other blocks; so, it was unreasonable to combine themwith
blocks 1, 2, 3, and 6. Consequently, estimates of density in blocks 4
and 5coul d be made only for a few species with large sanple sizes, i.e.
Dan’ s por poi se, harbor porpoise, sea otter, and Steller's sea l|ion.

The follow ng sections discuss background information and results
fromthe present surveys, by species. Gven the linitations discussed

above, we have been conservative in interpreting our often scant results,
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Systematic Accounts

Cet aceans

Bowhead Whal e (Balaena mysticetus)

During the present surveys there was only one observation of bowhead
whales. On 31 March 1982 seven |arge bowheads were seen in close proximty
to one another just southeast of St, Matthew Island, at 60°05.6'N, 171°36.8'W
(Figure 21). The whales were in water 36 fathoms (66m) deep, traveling
slowy northward. They were at least 6 nm (11 km) into the pancake ice
and about 23 nm (42.6 km) south of the point where such ice conditions
gave Wway to extensive broken floes. Frommonthly sumaries of ice conditions
based on satellite imagery exam ned in Anchorage, the whal es appeared to
be at least 26 nm (48 km) north of open water and 23 nm (43 km south of
heavy pack-ice. There were no obvious signs of a response to the aircraft
despite the fact that we circled overhead at an altitude of 750 ft. (229m)
for 18 minutes in an attenpt to observe and photograph the whales. Wen
considered in the context of the species* historical distribution and
the results of other recent survey programs in the area, this observation
supports the view that waters near St. Mtthew Island are inportant
to the species. Bowheads were once widely distributed in arctic waters.

Foll owi ng several centuries of intensive whaling by Europeans and Anericans
in arctic waersof the North Atlantic and mainly by Americans in the
khotsk, Bering, Chukchi, and Beaufort seas, populations in all areas
were significantly” depleted. At present, bowheads are considered for

managenment purposes to exist in four or five geographic “’stocks”, called
t he Okhotsk Sea stock, the Bering Sea stock, the Hudson Bay stock, the

Davi s Strait stock, and the Spitsbergen stock (Allen, Chmn., 1978).
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The stock of primary interest to this study is the Bering Sea stock
comonly and somewhat inprecisely referred to in sonme U S. and Canadi an
publications as the Western Arctic stock (i.e. the Western Arctic of
North America). The Bering Sea stock noves seasonally anong the Bering
Chukchi, Beaufort, and (to a linmted degree) East Siberian seas

Al askan and Si berian aboriginal whalers have hunted the Bering Sea
stock for nore than a millenium (Marquette and Bockstoce, 1980).
The size of the stock just prior to 1848, when its exploitation by Yankee
pel agi ¢ whal ers began, has been estimted as 14,000 to 20, 000 individuals;
it is thought more |ikely to have been near the upper end of that range
(Banni ster, Chmm., in press). American comercial whalera killed an
estimated mnimum of 18,658 aninals between 1848 and 1915 (Bockstoce and
Botkin, 1983). \Whaling by Eskinps for subsistence has continued since
1915, and this activity is at the center of an international controversy
concerning the stock's chances of survival and recovery (Mtchell and
Reeves, 1980; Donovan, 1982; Gambell, 1983). 1In recent years this controversy
has broadened to include concern about the effects of oil and gas resource
devel opment on the whal e population and its ecosystem

The Bering Sea stock was estinmated to contain 3,817 individuals
in 1983 (Zeh, et al., 1983; Bannister, Chm., in press). There have
been definite removals of 8 to 17 whal es per year from 1978 to 1983,

and additional strikes of 6 to 18 whales per year during this tine,

5In this report, reference is frequently made to estimates of current
popul ation size for whales of interest to the International Whaling
Commi ssi on. It should be noted that in the case of whal es which have
not been exploited comercially since ca. 1946, population estimates
are based mainly on censuses. Such estimates generally can be assumed
to refer to the entire population, including all age-classes, at any
given tinme. However, in the case of |arge whales which have. been
recently or continue to be commercially exploited (including the minke
whal e), many estinmates refer to the recruited segment of the popul ation
only . In other words, calves and juveniles bel ow the mininmmsize limt
set for “harvesting” in the IWC's schedule are not included in the estinates




resulting in some unknown amount of additional nortality. |t is not
cl ear whether the popul ation has increased or decreased since 1915.

Townsend (1935) plotted positions, by month, of 5,114 bowhead kills
in"the Sea of Ckhotsk and the Bering, Chukchi, and Beaufort seas, from
latitudes 53°N to 73°N and | ongi tudes 120°% to 135°E. These incl uded
35 whal es taken within our Bering Sea study area, at |east one of them
during each month from April through September (Figure 21). The southernnost
of these records are from about latitude 56°301, just south of St.

George Island, Pribilofs, in June. Oher kills, spanning the nmonths from
spring through fall (April-Septenmber), were concentrated north and west of
t he Pribilofs and between | atitudes 60"N and 62°N, near St. Matthew

| sl and.

We recogni ze that Townsendrs charts are not completely trustworthy.
In particular, entries in whaling | ogbooks and journals, such as those
used by Townsend as his primary sources of data, are not always clear in
di stingui shing bowheads fromright whales (Reeves and Mtchell, in press;
Bockstoce and Botkin, 1983:110). Since right whales are known to have
occurred formerly in some portions of the southeast Bering Sea, we feel
it is necessary to exam ne Townsend' s original sources directly and
critically before making any firm judgnents about the significance of
the data shown on his charts.

There is no information available on distribution of bowheads in
the study area for the first seven decades of this century. There have
however, been some recent sightings (Figure 21). In addition to the
singl e observation made by us in March, we are aware of five reports of
sightings of bowheads in the southeast Bering Sea. Braham et al., (1977)

also cited in the caption to Figure 4.2 in Brahamet al., (1982) as

Braham and Rugh, in preparation (no citation listed) - plotted |ocations



of 3 sightings in “early spring” between about latitude 55°30'N and
57°40'N near |ongitude 164°W. Braham et al. (1982) also reported a
sighting made “just west of St. Paul Island in April 1976'". This record
was attributed to "Braham et al. (in press)” (no citation listed).
Details of these records, including identity of observers and probable
reliability of identifications, were not presented. However, L. Lowy
(pers. comm, , 15March 1984) suggested that one of these sightings was
probably made on 19 April 1976 from the NOAA ship R/V Surveyor at 57°08.4'N,
172°52.1'W. A single bowhead, approximately 1llm |ong, was seen in 6 octa ice
by Lowy and others.

In the Navarin Basin Synthesis report [see Science Applications Inc.
(SAI), 1981, Figure 9.1] there are nine synbols indicating sightings of
bowheads at unstated seasons. These records are attributed to "NMFS,
unpubl i shed data.”

Brueggenan (1982) (also published previously as Braham et al., 1980)
reported encountering 64 bowheads in a 55 x 59 km study block just west
of St. Matthew Island during aerial surveys there in early April 1979.
Those sightings were used to support his estimate of 119 whales for the
block. Surveys in March and April in 15 other widespread study bl ocks,
seven of them along the pack-ice edge in the md-Bering Sea and nine
south and west of St. Lawence Island, produced sightings and estinates
of only 45 and 57 whal es respectively. Therefore, 60% of all bowheads
seen and 68% of those estimated to have been in the study blocks during
Brueggeman’s surveys were near St. Matthew Island. Thirty nine percent
of the whales sighted (and 31 percent of the whales estimted) were near
St. Lawrence Island. Only one of the bowhead sightings was along the

pack-ice edge in the central Bering Sea.
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On shi p-based aerial surveys of Navarin Basin in February and
March 1983, observers saw bowhead whal es only near St. Matthew |sland,
where an estimated total of 25 individuals (no duplicates) was reported
for one study bl ock (Brueggeman, 1983; pers. comm., Septenber 26, 1983).

The winter distribution of the remant Bering Sea stock of bowhead
whal es and the relative inmportance to them of the southeast Bering Sea
remains problematic. It has often been stated that bowheads wi nter
principally in the pack ice south and west of St. Lawence Island and
that they also range southward to St. Matthew Island and perhaps westward
along the ice edge fromthe Pribilof Islands to the coast of the U S S R
(Braham, et al., 1980; Brahamet al., 1982; Mrris, 1981). The ‘*known'”
wi nter range has been extrapolated fromrather scant evidence to include
a major portion of the central Bering Sea north of latitude 57°N but not
to extend farther southeast than about St. Matthew Island (Mrris, 1981:
Fig. 5.5). Such conclusions are apparently based on past whaling records
(Townsend, 1935; Seammon, 1874; Cook 1926) and on observations by Al askan
Eski nbs (Braham et al., 1980). Available data on present distribution,
however (presented in Brueggeman, 1982; 1983; and suppl enented by our
own observations), can as easily be construed to indicate that in wnter
(February and March) the whales are nore abundant near St. Matthew Island
than el sewhere and that the concentrations observed near St. Lawence
Island during the whaling season of March through May (Marquette 1977,
1979; Marquette and Bockstoce, 1980) reflect a novement of the popul ation
to the polynyas near Southwest Cape anticipating the northward nigration.
There are no data on the nid-winter distribution of the species in other
areas east of the USA/USSR convention line, and the data for that period

closest to md-winter (Feb.-Mirch) support the hypothesis that substantial
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nunbers of bowheads winter near St. Matthew Island. At the very |east
it appears, as postulated by Brueggensn (1982), that the open water
areas around St. Matthew Island serve as a staging ground where whal es
fromthe southern ice front congregate to await the opening of a lead to
open waters near St. Lawence |sland.

We note with interest the remarks by Hanna (1920) that the bones
of this species, including sone whole and sone partial skeletons along
the drift line and sonme bones half-buried in the tundra far back of the
high tide mark, were abundant on all beaches of St. Matthew Island.

If these identifications were correct these records provide evidence of
the species’ historic presence in the area.

Concerning present penetration of bowheads farther into our study
area than St. Matthew Island, we have only the sightings discussed above
and shown in Figure 21. To the extent that bowheads depend on the ice
front and negotiable pack-ice regions for suitable habitat (Eschricht and
Reinhardt, 1866), their distance of penetration into the southeast Bering
Sea in any given year and their use of any specific area will be related
to the maxi num extent of ice advance (Potoesky, 1975). It is not yet
cl ear whether bowhead whales feed during winter (Lowy et al. 1982b),
nor is it clear what role ice plays in their behavior and natural history
(for exanple, as sanctuary from bad weather and Kkiller whales). Therefore,
until nore is known about the species, there is little basis for specul ating
about the inportance of our present study area to bowheads or about the
effects that destruction or nodification by Industry of the ice and

substrate mght have on their survival.
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Ri ght Whale (Eubalaena glacialis)

There were no observations of right whales during the present surveys.
Though di sappointing, this lack of sightings was not surprising.

O all mysticetes, the North Pacific right whale is among the nost imrediately
threatened with extinction. The entire population has been estinmated to
contain a mnimmof a “few’ to 80 individuals (Rice, 1974, \ada, 1978)

to a maxi num of 100-200 individuals (Wada, 1973). There have been no

signs of recovery in the population since it becane protected in 1935.

Because the species was formerly hunted in or near both our study areas,

we offer here a review of the nmost inportant recent data.

Klumov (1962) divided the North Pacific population into three stocks
which he felt did not interm x: Anerican, Asiatic-Pacific Ccean, and
Asiatic-Okhotsk Sea. Whales of interest to the present investigations
presunably belong(ed) to the American and possibly the Asiatic-Pacific
stocks. The Subcommittee on Protected Species and Aboriginal Waling of
the IWC Scientific Conmttee concluded that, in view of the continuing
paucity of sightings, even in areas extensively surveyed, *“... apart from
the remant of the Okhotsk Sea stock . . . the continued existence of
viabl e stocks of right whales in the rest of the North pacific is in
doubt” (Best, Convenor, 1982:106).

Stranded whal es, presunmably including right whales, were used by
various aboriginal groups along the west coast of North america from
Oregon and Washington to mainland Al aska and the Al eutians (O Leary, in
press ). In addition, aboriginal whalers hunted right whales along the
Paci fic northwest coast (R Dougherty, cited in Scarff, 1983, Drucker,

1951; O Leary, in press) and the Aleutian Islands (Mtchell, 1979).
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Yankee whal ers began taking right whales on the "Kodiak" or “Northwest
Coast’'* ground in the Gulf of Al aska (50°-58°N, 140°~152°W) in the 1930s
(see Scarff, 1983, for a review). They continued whaling throughout
the nineteenth and into the twentieth century, taking at l|east 2,6 118
right whales in the North Pacific between 1839 and 1906, about 40 percent
of themon the Kodiak ground (Townsend, 1935). Since Townsend sanmple d
manuscripts covering only a fraction of the voyages nmade to the North
Pacific, we assume the total kill was much higher than the above figure.

By the end of the nineteenth century, right whales were considered
rare in the North Pacific, at |east south of Al aska (Townsend, 1886;

Col l'ins, 1892). During the twentieth century they have constituted only
a small part of the whale catch in the eastern North Pacific. Scarff
(1983, Tables 4, 5) summarized captures from 1910 to 1982 as: 1 from
California, 5 fromBritish Colunbia, and 21 from Al aska (including 3
taken prior to 1923).

From original records of the whaling conpanies and from Al aska
Fi shery and Fur Seal Industries (Bower 1917), we have accounted for 21
right whales taken at Akutan and Port Hobron, Al aska, al one between
1916 and 1935,(Table 11). Locations of 17 of those kills are shown in
Figure 22, and some of the specinens taken are illustrated in Figures 23
and 24. Tdnnessen and Johnsen (1982) reported 2 additional kills in
1917 and 1 in 1916, making the total renovals of right whales from A aska
bet ween 1916 and 1935 at |east 25. There may have been a few nore pre-1935
twentieth-century kills in Alaska than are accounted for above. Birkeland
(1926, p.26) reported that two right whales were killed at Akutan “during
my time’”. We assume by this he meant from June 1914 to Cctober 1915,

which was the period of his stay at the Akutan station. H's book includes
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Tabl e ;l. Right whales caught by vessels operating fromshore stations in Al aska 1916-1935,
A= Akutan, PH = port Hobron

Length Fet us

Dat e Station Location of Kill Vessel Sex (ft)  Sex Length Remar ks Source of Data

- - 1916 A Not reported. " - 2

14 July 1917 A Not reported. 3

- - 1923 A Not reported. Tanginak 4

- - 1923 A Not reported. Kodi ak 4

30 June 1924 A 30 nm S of Biorka |sland. Tangi nak F 57 - “Good” condition, 3 6

28 June 1925 A 10 nm SSE of Cape Pat erson F 55 - 5.5 ft “Fair” condition.3 6

. Proni nence.

2 July 1926 A I25I nn(1}I SE of Rootok * Aber deen F 41 - “Fair” condition.3 6
sl and.

18 Septenber 1926 PH 18| nrg S of Barnabas Aber deen F 62 M 18 ft 6
Island .

6 July 1927 A Unimak Pass . Westport M 36 - Logged as a “calf". 6

4 June 1928 PH 45 nm ESE of Cape Mor an M 36 - 6
Bar nabas. -

6 June 1928 PH 18 nm SE of Cape Aberdeen F 33 - 6
Bar nabas.

8 June 1928 PH 20 nm SE of Cape Aber deen M 43 - 6
Bar nabas.

8 June 1928 PH 25 nm SE of Cape Tanginak F 46 - - 6
Bar nabas.

3 July 1928 PH 25 nm E of Marmot [sland. Mbran F 50 - - 6

5 July 1928 PH 20 nm estE of Cape Mbr an M 50 - 6

Bar nabas.
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4June 1929

14June 1932

2 August 1932

1 August 1933

3 June 1935

2 0 August 1935

PH

PH

PH

PH

7 om N of Tanginak.

30 nm SE of Cape
Bar nabas.

18 nm NE of sitkinak
[ sl and.

45 nm SE of Cape
Bar nabas.

30 nm E of Rootok Island.

gonm SSE of Bar nabas
I'sl and.

Unimak

Aber deen
\iést por t
Aber deen

Pat erson

Aber deen

H

59
52

44

45

47
39

“ POOF n

condition,3

o

6,1

1

1. Production and Catch Sunmaries (Rose Harbour and Naden Harbour); 2. Al aska Fishery and Fur-Seal Industries in 1916;

3. I'reduction and Catch Summaries (aketan); 4. WIliam S. Lagen Collection,

5. Pike and Macaskie, 1969; 6. Station Tallies (Akutan and Port Hobron); 7.

2

source does not specify at which station whale was |anded.

3

Condition was Subj ectively assessed at boat- or dockside based on expected nil production.

0gs.

Oversize unit No. 19096
Cat cher-Boat L
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Fi gure 22. Location of right whale Kills by whalers from Akutan (1923-1935) and

Port Hobron (1926-1935) and by Japanese pelagic whalers (1956-1963)

1969). For details see Reeves, LeatherWod, and Karl,

(Omura et al .,

in preparation.
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Univ. Wash. Suzzalo Library Historical Photography Collection:
WHALES & WHALING-Flensing #47 “Wight [sic] Whale, Akutan"

Figure 23. Right whale on ranp at Akutan Whaling Station.



Fi gure 24.Rightwhaleson ramp at Akutan \Waling Station.
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two photographs of right whales on the flensing platform at Akutan (p.83,99),
but there are no data on when they were taken. In the Pacific Fisherman’'s
1917 yearbook it was said in reference to the Al askan shore stations, “a
few sperm whal es are taken each season while an occasional right whale

is secured"*. N chols (1926, p. 609) referred to takes at Akutan of “’'a

few right whales and included a photograph of a specinen on the ranmp at

Akut an.

There were 10 additional right whales taken fromthe eastern North
Pacific and southern Bering Sea after 1935, one “"accidentally” killed in
1951 off British Colunbia by Canadi an-based shore whalers (Pike and
MacAskie, 1969; also see Table 11) and 9 killed in or near our study area

by Japanese whal ers under special scientific pernits between 1956 and

1968 (Omura, 1958; Omura et al., 1969) (Fig. 22).

The only other pertinent nodern data on right whales in the eastern
North Pacific are sightings and tagging records. Scarff (1983, Table 4)
reviewed sightings and strandings south of latitude 50"N between 1855
and 1982. There are few records for this century: 1 killed in 1924
near the Farallon Islands, 1 stranded in 1916 on Santa Cruz Island, and
33 sightings representing a total of 69 individuals. There are also
relatively few modern records of right whales in the eastern North Pacific
north of latitude 50°N, in spite of extensive scouting effort by whaling
fleets and some coverage by research prograns. Omura et al. (1969)
summari zed sightings from Japanese whale catchers (1941-1968) and from

Soviet vessels (1951-57), the latter excerpted from Kiumov (1962)

Their figures 13.3-13,6 show the following patterns in the roughly 275
records fromthe eastern North Pacific: April - no sightings; My - a

few sightings along the Aleutian islands and 3 east of Kodiak Island;
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June - about 50 sightings in the southeastern Bering Sea (between 52"N
and 58" N and 162°W and 174°W), about 50 sightings within approximtely
60nm (111 km of the Aleutians and the southern shore of the Al askan

Peni nsul a west of |ongitude 158°%, the majority in or near the forner
whal i ng grounds of the Akutan station, and another 40 from the Gulf of

Al aska, nmostly south and/or east of Kodiak Island; July - sone 75 sightings
in a roughly triangular area of the Bering Sea bordered on the west by
175°W and in the south by the A eutians from 175°W to about Fal se Pass
and another 50 in a band within approximately 100nm (185.2 km) of the

Al eutians, the Al aska Peninsula and southern Kodiak Island; and August
about 10 sightings each in two areas of the southeast Bering Sea (one
5-150 am sout hwest of St. Matthew Island, the other between the Pribilofs
and the Al eutians), two sightings northeast of St. Lawrence Island, and
two in the southwest Chuckchi Sea. Wada (1975) and various subcommittee
reports to the IWC (1976-1982) update those records through 1973 and
1981, respectively, with no change in patterns noted above.

Berzin and Rovnin (1966: Figure 6) showed distribution, relative
density, and postulated spring mgration routes of right whales in the
Bering Sea and Northeast Pacific. Though they indicated sightings to
have been widely scattered throughout the areas described above, they
illustrated and stated that there was a concentration in the western Gulf
of Al aska between |ongitudes 145°W and 151°W and that sightings in the
Bering Sea were limted to the “southeast corner”, an area they described

by a line connecting Atka, St. Matthew, and Nunivak islands. Specific

dates and locations of sightings were not reported; nor were details of

effort necessary for a quantitative assessnent of the published records.
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Pi ke and McAskie (1969) mentioned three of fshore sightings of solitary
right whales in July and August, two from a weathership at 50°N, 145°W,
and one at 54°N, 155°W. Mre relevant to our study areas are two right
whal es seen 26 August 1982 at 60°48°'N, 175° 17.5'W (Brueggeman, 1983).

Five right whales were tagged in the eastern North Pacifig: by the
Japanese from 1963 to 1965 (Ohsumi and Masaki, 1975), and 17 (IwC) to 20
(Ivashin and Rovnin, 1967) by the Soviet Union from 1954 to 1965.

There is only one confirmed recent (1975+) record near the present
study areas - the sighting by Brueggeman (1983). A second, unverified
sighting report has come te our attention. On 30 August 1982 Frank
Wood, aboard the NOAA Ship Discoverer, sighted what he identified as a
ri ght whale at 64°50.1°N, 168°25.4'W. The animal, seen-at a distance of
50m, was described as black to dark gray, with a V-shaped bl ow, no dorsal
fin, and a smoth back (M E. Dahlheim, pers. comm., January 1983).

It is clear that |arge nunbers of right whales fornerly used mgjor
portions of the northern Gulf of Alaska and southeastern Bering Sea,
including portions of our study areas. The absence of sightings during
our surveys should not be taken as proof that the species no |onger
inhabits these previously inportant grounds. To inprove the right whale's
chances of survival in the Northeast Pacific, it is inmportant to conduct
site-specific studies of areas planned for industrial devel opment in

order to determ ne whether such areas are still visited by these aninals.

G ay Whal e (Eschrichtius robust us)

O all the cetaceans occurring in or near our study areas, the gray
whal e i s among the nost thoroughly studi ed (Rice and Wolman, 1971; Rice,
1978a). Tt is a coastal species with highly regular patterns of migration

and behavior, bringing it close along sone heavily popul ated segnents of the
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North American coast. Public and scientific interest has been high, and
the whal es are readily accessible for observation and study. Gay whales
have tw ce been hunted to low population levels in the Northeast Pacific,
first by nineteenth-century Yankee whal ers operating from ships and
shore statians, in the calving |agoons and along the nigration route
(Scammon, 1874; Henderson, 1972; Henderson, in press), and later by nodern
whaling fleets (Reilly, 1981; Reeves, in press). They now appear to have
recovered to a level at or near their pre-exploitation stock size (Reilly
et al., 1980; Reilly, in press). Gay whales are currently hunted from
nmodern Sovi et catcher vessels on the northern feeding grounds, and a few
whales are taken by Eskinmps in Al aska (Wolman and Rice, 1979; Mrquette
and Braham, 1982; Ivashin and M neev, 1981). An annual quota of 178-179
has been set by the IWC since 1978. Because of its presence, at |east
seasonally, in or near areas involved in oil and gas devel opnent, the
gray whale is a species often targeted for study (Kent et al., 1983;
Tyack et al., 1983; Clark et al., 1983).

Details of the gray whale's migration, and inportant aspects of its
ecol ogy, based largely on observations of the population during periods
of whaling or periods of recovery from heavy exploitation, have been revi ewed
by many authors (e.g. Scammon, 1874; Andrews, 1914; Hubbs, 1959; Gilmore,
1961; Pi ke, 1962; Rice and Wolman, 1971; contributors to Jones et al., eds.,
in press). Study has continued in the breeding/calving |agoons (e.g.
Swartz and Jones, 1980, 1983; Rice et al., 198l; Bryant and Lafferty,
1980, 1983; Wthrow, 1980; Norris et al., 1977; Norris et al., 1983),
along the mgration route (e.g. Rugh, in press; Darling, in press;
Reilly et al., 1980), and on the summering grounds (Blogoslovskaya et al.,
1982; Nerini, in press; Johnson et al., 1983). Results of recent investigations

have been reviewed by Lowy et al. (1982a,b) and by various contributors
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to Jones et al. , (eds., in press). Data pertinent to the present study
areas are summarily reviewed bel ow.

The vast majority of the estimated 17,000 eastern Pacific gray
whales (Rugh, in press; Reilly, in press) nigrate annually from breeding/
cal ving | agoons off Baja California and mainland Mexico to feeding grounds
fromthe central Bering Sea, north and east into the Chukchi and Beaufort
seas. The mgrating whales pass through or near both study areas covered
by the present investigations. Not all whales mgrate the full route
northward in summer. Sonme linger to rest and feed (Pike, 1962), for
exanpl e, off the Farallon Islands (Dohl et al., 1983), Washington State
(Rice and Wolman, 1971), British Colunbia (Hatler and Darling, 1974,
Hudnall, 1983), Cape St. Elias (Hall et al., 1977; Braham, in press)
and the south shore of Bristol Bay, especially Nelson lagoon (Gl and
Hal I, 1983). Some apparently also summer off Kodiak Island and in the
eastern Bering Sea and Bristol Bay (see discussions below).

Previously the nost inconplete parts of the story, the gray whale's
m grations and behavior in southern Alaska and within the Shelikof Strait
and Bering Sea study areas can now be reasonably well described. The
northward migration occurs in two pulses, the first consisting of non-
parturient adults and immture animals, the second principally of females
and their calves of the year (Rugh, in press). All northbound whal es
apparently remain close (within ca. 400m - Hall et al., 1977 - to 2 km -
Braham in press) to the outer coast of the mainland and/or barrier
islands as far as the Kemai Peninsula. Fromthere they strike across open
wat er, nost noving past the Barren Islands toward the northern tip of

Afognak Island, a smaller proportion heading across the nouth of Cook

Inlet.
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For whales in the first pulse of the nigration, about 25% of
t hose observed have been noving along the northwest-facing shores of
Af ognak and Kodi ak islands; the remaining 75%, along the seaward shores
of these islands at least as far as the Trinity Islands. The pattern is
simlar in the second phase. Four of 12 animals observed were on the
northwest shore while 8 of 12 noved along the ocean shore. Two female-calf
pairs apparently crossed the nouth of Cook Inlet directly and noved
close along the shore of the Alaska Peninsula (Braham, in press: Figures
4a,b). W do not know how representative these small sanples are of
the popul ation as a whole. Somewhere between the Trinity Islands and
Chirikof |sland, whales mgrating outside Afognak and Kodiak islands
move across the southwest end of Shelikof Strait to the shore of the
Al aska Peninsula. Routes taken by whales migrating inside the islands
are not known. Two whales seen off Trinity Islands during survey 1 were
headed north toward the Peninsula. One sighting reported by Braham
(in press) at 156°30'W was near shore along the south side of the Al aska
Peninsula, as were a half dozen sightings nade by A aska Departnent of
Fish and Gane (ADF & G personnel between 157°W and 160°W in 1980 and
1981 and reported by More and Ljungblad (in press: Figure 2). Westward
movenents along the remai nder of the Peninsula are unreported.

The northbound mgrants pass through Unimak Pass near the eastern
shore between March and June (Hall et al., 1977; Rugh and Braham, 1979;
Braham, in press; Rugh, in press) and continue along a principally
coastbound route around the perimeter of Bristol Bay to Nunivak |sland.
Details of northward movements through Bristol Bay and the eastern Bering
Sea can be described in some detail fromdata obtained in the present

investigations and fromactivities of the Al aska Department of Fish and
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Game (Lowryetal, 1982a, b; More and Ljungblad, in press; Baxter and
Leat herwood, 1983, Ms; Braham in press). These accounts differ in very
few details and can best be understood by reference to Figure 25 and to
Braham (in press: Figure 5).

During the present surveys, we made a total of 126 sightings of
gray whal es, accounting for 373 individuals (Figures 25a-d and 26).
An incidental sighting of one group was made in block 7 (2 animals seen
during survey 1). Wthin the Bering Sea study area (blocks 1-6), however,
we found 105 groups (323 individuals), 44 on-transect and 61 off-transect
(Tables 7 and 9). Fromthe 33 appropriate on-transect sightings made
during these surveys, all in the Bering Sea and Bristol Bay and al
during survey 2, we estinmated popul ation density for blocks 1, 2, and 6
conbined as 120.2 + 100.5 (19.7 to 220.7) herds and 236.8 + 199.6 (37.2
to 436.4) whales per 1,000 nn2 (3430 knR) (Table 10). Such wide confidence
interval s suggest that these estinates have little nmeaning and shoul d
be regarded as very crude. The distribution of sighting distances, the
fitted nodel (a generalized exponential) used to produce the estimate of
herd density, and the distribution of herd sizes used to estinate anim
density are shown in Figure 27

During the survey year, there were observations of gray whales in
bl ocks 1-6 during surveys 1(9 whales), 2(298 whales), 3(6 whales), 5
(9 whales), and 6(1 whale). The tining and levels of effort of spring
and sunmer surveys appear to have been adequate to characterize the
nort hbound mgration, which occurs during March through July (Hall et
al., 1977; Rugh and Braham 1979; Figure 28).

Most gray whales seen in the Bering Sea study area were near shore

(within 1 kmj. Many were in very shallow water: <10 fns (18 n) (ca 45%
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or 10-20 fathons (ea. 42% (Figure 29). Alnost all whales renmained near
shore along the north side of the Alaska Peninsula as far as Egigek,

then streamed northward across Bristol Bay toward”Nushagak and Cape
Constantine (cf. GII and Hall, 1983). \hales seen offshore in Bristol
Bay during March and May surveys were associated with the southern edge
of the pack-ice. It appeared to us in 1983 that while nost animals
continued to use a coastal route around the perimeter of Bristol Bay, as
openings in the ice permitted, some turned west and followed the pack-ice
edge. Such behavior mght well account for offshore sightings reported
elsewhere (Braham, in press; Braham and Rugh, in prep.) and for the
arrival of a small nunber of gray whales in waters near the Pribilofs by
early sumer (Gilmore, 1960; Braham, in press; Braham and Rugh, in prep.).
We observed six groups of whales anmong ice floes, in 2 to 30%ice coverage.
Si xteen other groups seen in open water in May nore than 1 km from shore
were .25t0 6nm (x=2.1 nnm) from the pack-ice edge and areas of 80%ice
cover age.

Bet ween 1975 and 1982 ADF&G personnel conducted extensive coastal
surveys to inventory herring stocks from the Nushagak Peninsula to Cape
Mohi can on Nunivak | sland and Cape Romanzov. During that program there
were 240 hours of survey logged in 1978-1982. Though gray whales were a
secondary target, sightings were noted (Baxter and Leatherwood, 1983,

MS). Fromthe ADF and G reports supplemented by our own surveys, it
appears that a few of the mgrating whales enter the nouth of Nushagak
Bay. Most , however, round Cape Constantine and continue to follow the
contour of the coast between Kulukak Bay and Summit Island. None are
known to enter heavily surveyed Kulukak Bay or shallow Togiak Bay.

After they pass Summit Island some whales cross the nmouth of Togiak Bay
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Figure 29. Indices of abundance of gray whales by depth class.
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toward Tongue Island while others strike southwest toward Hagemeister
Island; so, in the area of Cape Pierce and west of Sunmit Island the
mgration corridor is wider than el sewhere in northern Bristol Bay. The
whal es tend to converge towards Cape Pierce and Cape Newenham. Braham
(in press) stated that from Cape Newenham the whal es apparently nove
directly across Kuskokwim Bay (ea. 150 kmdistant) to Cape Mendenhal at
the s.E. tip of Nunivak Island. However, we did see whales in the
mouth of the Kuskokwim Delta as well (Figure 25a-d). Wichever route
they take, the whales arrive at the southeast tip of Nunivak |sland and
travel principally along the southwest shore. W saw none in Etolin
Strait and know of no reliable records fromthese waters (Baxter and
Leatherwood, 1983). Beyond Nunivak Island the whal es fan out across
the Bering Sea to St. Lawence Island, where they remain until about
m d- Cct ober (Rice and Wolman, 1971)

The sout hbound migration has not been as clearly described.
Based on shore censuses of gray whales migrating through Unimak Pass in
fall 1977-79, Rugh (in press) concluded that the exodus from the Bering
Sea occurs fromlate Cctober through early January, with peak nunbers
passing during the last two weeks in Novenber and the first two weeks in
December. Logistic conplications affecting our late fall and early
Wi nter surveys required us to fly before (survey 6, 26 Cctober through
13 Novenber 1982) and after (survey 7, 3 to 16 January, 1983) the reported
peaks of gray whal e abundance, rather than during themas originally

planned (see Figure 28). As a result, we had only one sighting of gray

whal es on-effort during this period - a single whale feeding
in the surf zone at 57°02.3' N, 158°41.1'W on 26 Cctober 1982 (Figure

25d). Therefore, we can add little to the present understanding of
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routes of mgration through the Bering Sea study area based on other
recent summaries. During a coastal transit 24 Septenber 1982 on which
data were not being systematically recorded, we did see gray whal es al ong
the shore at 7 locations (55°41.1'N, 161°39.0'W; 55°58'N, 161°23'W;
56°01'N, 161°07.4'W; 56°.41'W, 160°26.8'W; 56" 10. 5 N, 160°25'W; 56°13,7'N,
160°23'W; 56°50.9'N, 158°56.9'W).

Rugh (in press) reviewed coastal sightings along the Bering Sea
side of the Alaska Peninsula southwest of Port Moller, nostly from his
own aerial surveys, and concluded that “southward mgrating gray whales
crossing the Bering Sea converged toward Unimak |sland where the median
of 10, 223 shore-based sightings occurred 0.5kmoff the west Unimak shore
no sightings occurred beyond 3.7 km” Relevant to the Bering Sea study
area, Braham (in press: Figure 5) reviewed late summer (July/August) and
early fall (Septenber/Qctober) sightings from various sources. Like Gilmore
(1960), Rice and Wolman (1971), Braham et al. (1977), and Braham and Rugh
(in prep), he showed a handful of records from open water near the Pribilof
Islands in spring and summer (his Figures 5a and b). He added that there
had been “occasional sightings estof St. Matthew Island to centra
Bristol Bay in Cctober and November” (sightings actually made in Cctober
1976 independently by two commercial airline pilots, not whale biol ogists)
and based on those sightings suggested the southbound migration in the
sout hwest Bering Sea “may be farther offshore than the northbound nigration”*
At present, however, there are insufficient data to test this inportant
hypothesis. Fall or winter programs in this area (Lowy et al., 1982a
present surveys) have resulted in only one sighting, near Port Moller,

in late Cctober. Therefore, the absence of sightings along shore in
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areas other than Unimak |sland may as easily be attributed to a | ack of
timely effort as to a nore seaward mgration of whal es

Patterns of novement of ‘southward** migrating gray whales past the
Shelikof Strait study area are equally uncertain. Braham (in press: Figure
4b) plotted about 20 sightings near Kodiak Island in Cctober through
January, one in the strait, ten off the southwest tip, and the remainder
of f the seaward shore. \\& observed no gray whales in or near Shelikof
Strait during our Cctober through January aerial surveys. Gven the
apparently concentrated nature of gray whal e southbound nmovenents, replicate
surveys in early to mid-December, rather than the 2 one-day surveys wth
limted coverage we perfornmed (1 each in late October and early January),
woul d have provided the highest probability of detecting whales in that
area. Therefore, we nust continue to regard as unresol ved the question of
the inportance of Shelikof Strait to southward nigrating gray whal es.

Feeding by gray whal es has been observed in or near both study areas
at various seasons (Figure 25b,c,d). Braham (i n press) showed “apparent”
feeding by gray whales just north of Cape Chiniak, Kodiak Island, in Mrch
through May (his Figure 4a) , off the north side of the Alaska Peninsula, off
Hagenei ster Island, and off Nunivak Island in April-My (his Figure 5a).
Gill and Hall (1983) observed gray whales feeding in various estuaries
along the north side of the Alaskan Peninsula in summer. W observed
gray whales trailing nmud plumes, and thus presunably feeding, during
surveys‘z, 3, 5and 6, on a total of 16 occasions (Table 12; Figure
25b,c,d). It is possible that gray whales remain all summer in portions
of our study areas, as they do in some areas of the Northeast Pacific

outside the Bering Sea.
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Tabl e 12.

Summary of aeri al

sightings of “feeding*’

gray whales.

Survey

No. Dat e

2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
2 15 May ' 82
3 12 July '8
5 24 Sept.'8.
5 24 Sept. '8:
5 24 Sept.'8.
6 26 Cct. ‘8:

# (fms)

Location (lat/long) Bl ock | ndi vi dual s Depth Remarks
58°04.3'N, 158°01.3'W 1 12 14 -

57°28.6'N, 158°25.3'W 1 6 13 -

57°26.4'N, 158°26,2'W 1 3 12 -

57°32.0'N, 158°26.2*W 1 3 16 -

57°26,2'N, 158°26.3'W 1 4 14 -

58°28.7'N, 160°39.8'W 1 22 6 -

58°27.1'N, 160°58.3'W 1 15 6 -

58°27.1'N, 160°58.1'W 1 27 6 -

58"24.4' N, 161°36.3'W 1 2 17 -

58°24.4'N, 161°48.2'W 1 1 21 -

60°27.1'N, 166°22.4'W 2 1 9 | Peeding among |

broken floes- ’_"v

63°47,2°'N, 171°25.,9'W NA 1 10 -

55°41,1'N, 161°39.0'W 6 2 ? -

55°58.0'N, 161°23.0'W 6 1 ? -

56°01.0'N, 161°07.4'W 6 1 ? -

57°02.3'N, 158°41.1'W 1 1 4 -
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Most of the world s gray whales enter Unimak Pass and remain
very close to shore as they nove along the Alaska Peninsula. Unimak
Pass received a high inpact rating for nodel ed oil spills (see |sakson
et al., 1975, as cited by Rugh, in press). If some gray whales stay in
the study areas all summer, as we suspect they do, and if the feeding that
occurs here during spring through fall makes a significant contribution
to these whales’ energy demands, then the inpact of any major spill or
other industrial disturbance could be substantial. Also, the second pul se
of the northward mgration includes a high proportion of the annual calf
production, at a tinme when, at 2 to 6 months of age, the calves may be
especially vulnerable to environnental perturbations. Therefore, any

proposed development of the study areas should carefully consider the

needs of this whale popul ation.

Bl ue Whal e (Bal aenoptera musculus)

In the years between 1910 and 1973 ca. 360,000 bl ue whales were
Killed worldwi de {Tomilin, 1967; International Whaling Statistics,
IWS). Though the vast majority of them (ea. 330,000) were taken in the
Antarctic, there were significant catches in other areas as well: ca.
12,600 of f Africa, 9,000 in the North Atlantic, and 8,200 in the North
Pacific. Wth the exception of a few hundred taken off California and
British Colunbia, nost fromthe North Pacific were taken from grounds
bet ween Japan and Kamchatka, and along the south side of the Aleutians on
or between the “"A" and "C" grounds of” Omura (19S5: Appendix 4).

Vessel s based at the Akutan whaling station evidently encountered
bl ue whales mainly to the south of the Aleutian chain, especially near Davidson
Bank (Birkeland, 1926). At least 1,000 were |anded at Akutan between 1914

and 1939 (Leatherwood, unpubl. data). A sighting of several whales,
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tentatively identified as blue whales, was made near Unalaska |sland on
14 July 1937 (Murie, 1959:335). In addition, some 200 were taken within
the ca. 100 nm (185 km) hunting radius of the Port Hobron station, nmainly
south of Kodiak Island, between 1926 and 1937 (Leatherwood, unpubl. data).
The species has been fully protected from conmercial whaling in the North
Pacific and throughout the world since 1966.

Japanese researchers have generally maintained that blue whales are
absent or at least scarce in the Bering Sea (Nemoto, 1959; Nishiwaki,
1966; Nasu, 1974), notwi thstanding Omura's (1955: Appendix 2) map show ng
a blue whale ground centered at 55*N, 167-8°W., Evidently, his basis for
mapping this ground was the sighting there of "a few' blue whales by a
Japanese whaling vessel in 1954 (Omura, 1955:198-9). Soviet investigators
have reported sightings along the Soviet Arctic coast as far north as Bering
Strait and the southern Chukchi Sea (Berzin and Rovnin, 1966). Tomilin
(1967) presented as evidence of their occurrence off Chukotka the famliarity
of natives with blue whales, words in the local dialect referring specifically
to blue whales, and sightings by Sleptsov in the Chukchi Sea. Leatherwood
et al., (1982:18) described accounts by Eskinos on St. Lawence Island
of recent sightings of blue whales near that island follow ng decades of
absence.

Wile reviewing catch records for blue whales in the North Pacific,

we noted that, according to the International Waling Statistics, blue whales

were taken in 1955 and subsequent years in the "Bering Sea”’ by “pelagic whaling
Thi s geographi c designation (see IWS No. 37:10) is msleading, as the so-called
Bering Sea grounds included areas north and south of the Aleutians. Nishiwaki's
(1966) Fig. 2 and Table 2 clarify the question of where the blue whales

were taken in 1955 and subsequent vyears.
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Blue whal es were not anong the species seen during 1982-83 surveys of
Navarin Basin (Brueggenman, 1983) or included in the sightings reported to
us by colleagues working in the northern Bering Sea and southern Chukechi
Sea (e.g. Frost, Lowy, Burns, Wlls, Wursig, Dahlheim, Nel son and Ljungblad).
The only part of our Bering Sea study area where blue whal es have been
reported in the past is in the southeast comer of block 4 and the northeast
corner of block 5, judging by Omura's (1955) Appendi x 2 and Berzin and Rovnin's
(1966) Figure 4. In both cases, the authors indicated very |ow densities
from apparently scant data.

Rice (1974) identified three major sunmmer concentration areas for
blue whales in the northern North Pacific (which agree closely with those
descri bed by Berzin and Rovnin, 1966) - one in the eastern Qulf of Al aska
from130°W to 140°W, one south of the eastern Al eutians between 160°W and
180°, and one between the far western Al eutians and Kamchatka from 170°W
to 160°E. He postulated that the whales found in the Gulf of Al aska and
eastern Aleutians are summer migrants fromBaja California waters. Blue
whal es have been hunted off Korea, Japan, and Taiwan, but apparently they
have never been very abundant there (Nishiwaki, 1966; Tomilin, 1967).

Stock rel ationships of blue whales have not been well studied, although
it is of considerable interest that a female blue whale tagged 22 May 1958
in the eastern Sea of Okhotsk at 50°13'N, 153°06'E was killed 5 June 1962
in the Gulf of Al aska east of Kodiak Island at 57°42'N, 147°16'W (Ivashin
and Rovnin, 1967). This denpnstrates a connection across the northern rim
of the North Pacific. Blue whales also nove fromoff Vancouver Is.I and to
the Kodiak region. There are wintering grounds in the Gulf of California
(Patten and Soltz, 1980), al ong the coast of Baja California (Rice, 1974),

and in the eastern tropical Pacific (R ce, 1978b; Wade and Friedrichsen, 1979),
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and from sout hwest Honshu to Taiwan in the western Pacific (Rice, 1978b).
Rice (1978b) referred to the whales wintering on the western side as a
separate stock fromthose wintering off North America and in the eastern
tropical Pacific, but Tomilin (1967) considered it unlikely that the
“popul ations " on either side of the North Pacific are conpletely separate.
There are summer and winter records for nuch of the Pacific coast of the
U S. (Leatherwood et al., 1982c; Rice, 1974, 1978b) and for Korean and
Japanese waters (Tomilin, 1967), and a few blue whal es have been sighted in
the md-Pacific between 20° and 35"N latitude (Rice, 1978b). An aspect of
bl ue whal e ecol ogy that unquestionably influences, perhaps even dictates,
the species’ distribution is its alnost singular dependence upon euphausiids
for food (Nemoto, 1959, 1970).
Bl ue whal es apparently have always been much less abundant in the
Nort hern Hemi sphere than in the Antarctic (Tomilin, 1967). Estimates of
“*initial* population size for blue whales in the North Pacific range from
4,900 (Omura and COhsumi, 1974) to about 6,000 (eastern North Pacific only -
Rice, 1974). It was estimated that the sunmer population in the three main
pel agi c whaling areas dropped from about 2,430 in ca. 1946 to about 1,420 by
1964 due to intensive exploitation (Doi, Nenmbto and Ohsumi, 1967, as cited
by Rice, 1974; see Anon., 1967). The estimted population in the entire
North Pacific in ca. 1972 was 1,400-1,900 (Chaprman, Chmn, 1973:32). The
current world population is estimated to be about 12,000 (Rice, 1978b),
There are no recent data to suggest that blue whales visit any part
of our study areas per _se in appreciable numbers. During 1965-1978, Japanese
scouting boats reported blue whale sightings in very low density (ea
5 whal es per 10,000 nm (18,520 km of scouting distance) in what would

be our block 5 and generally along the south side of the eastern Al eutians
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(Wada, 1980: Figure A4Rglatively high densities (ea. 30 whal es per
10,000 nm (18,520 km were reported for an area west of Shelikof Strait.

We made no sightings during our surveys and assume, based on historica
whaling records and results of recent sightings progranms, that the southeast
Bering Sea and Shelikof Strait are of little inportance to blue whales.
However, it is inportant to note that waters closely adjacent to both

study areas may contain significant popul ations of this endangered species.

Fin Wal e (Balaenoptera physalus)

Fin whales were formerly abundant in the southeast Bering Sea and
along the south side of the Aleutian Islands. This abundance 5.s proven by
the large nunbers of these whales killed within about 100 nm (185 km) of
Akutan Island by shore-whal ers operating from Akutan, 1911-1937 (over
3,000 fin whales killed) (Birkeland,1926; Ténnessen and Johnsen,

1982; Table 45; International Waling Statistics; Leatherwod, unpubl.

data), by Japanese whal ers operating with pelagic fleet expeditions
around the Aleutians and along the continental shelf northwestward from
Akut an towards the Pribilofs, 1952-1961 (over 3,000) (Nemoto 1963: Figure
1), and by Soviet whalers operating with pelagic fleet expeditions to
the eastern Bering Sea in years after 1957 (number of whal es unspecified)
(Berzin and Rovnin, 1966).

The Japanese data in particular suggest an affinity of fin whales for
the shelf edge north of the Al eutians, where there were heavy catches
from 1954 to 1962 in the waters between ca. 53°N and 56°N and 165°W and
171°W (Nemoto, 1963: Figure 1; Nishiwaki, 1966: Table 3; Nasu, 1966). This
productive whaling ground for fin whales (also napped as area IV by
Nasu, 1966, as area B by Omwra, 1955, and as area C by Fujino, 1960) is

centered in our study block 4 (Figure 2). Another major ground for
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Japanese whaling for fin whales was southwest of St. Matthew Island
(Nasu, 1966: Figure 22), on the western margins of our study blocks 2 and 3.

Sovi et researchers also identified an inportant fin whale summering
ground between Seguam Island and the Pribilofs in our blocks 4 and 5
(Berzin and Rovnin, 1966). In addition, they referred to concentrations
of fin whales north and east of the Pribilofs and at 61°N between St.
Matt hew and Nunivak |slands (Berzin and Rovmin, 1966). In their Figure 3,
Berzin and Rowvnin (1966) indicated the highest fin whale densities (nore
than 50 whal es per some unspecified unit area) off the south coast of
Kodi ak Island, near the site of the former whaling station at Port Hobron
(on sitkalidak |sland) and along the north and south sides of the eastern
Aleutians, with slightly lower densities in adjoining areas. They claimed
that few fin whales enter Bristol Bay.

Ve know that there were substantial catches of fin whales in the North
Pacific by Soviet whalers after 1957. In that year they began to work
in Aleutian waters and el sewhere on the east side of the Bering Sea and
inthe @ulf of Alaska, continuing in subsequent years to expand their
whaling activities eastward and southward. However, we have not found
tables or charts showi ng positions of those kills. Rather, we have had
to rely upon narrative descriptions of whale distribution by Soviet
aut hors which we take to represent syntheses of their sightings and
catch dat a.

oservations by Japanese scouting boats indicate that fin whales
continue to exist at high levels of abundance on the former whaling
grounds - ca. 100-200 whal es sighted per 10,000 nm (18,520 kn) scouting
di stance between 1965 and 1978 (Wada, 1980: Figure 4d). A so, sightings

made from 1957 to m d-1980 and reported by SAI (1983: Figure 19.1), G
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Hunt (pers. comm. ), and Brahamand Rugh (in prep. ) indicate that relatively
large nunbers of fin whales still occur in the Unimak Pass area and

along the 100 mcontour north of there, i.e., in our study blocks 4 and

6, especially dur i ng sunmmer . A concentration of fin whales is also

mapped just north of St. Paul Island by SAl (1981: Figure 9.1; also G

Hunt, pers. comm.).

Stock identity Of fin whales in the North Pacific is not wel
understood, in spite of extensive tagging (e.g. see Ohsumi and Masaki,
1975)and |arge commercial. catches. Serological and nark-recapture
studies have been used to identify subpopulations and to eval uate novement
patterns, respectively. “American” and “Asian*” stocks have |ong been
recogni zed (Tomilin, 1967), and it has been assumed that, in general
each follows its respective continental coast during migration which
extends north at least to Bering Strait, where the two stocks intermngle
(Kellogg, 1929). For management purposes, the 180° “longitude |ine has
been used as the boundary between the two stocks {(Omura and Ohsumi,

1974). At least three subpopulations were identified in the northern
North Paeific by Japanese workers; southeast of Kamchatka, north of the
eastern Al eutians, and south of the eastern Aleutians (Omura, 1955
Fujino, 1956, 1960). In addition, an isolated stock inhabits the East
China Sea (Fujino, 1960; Omura and Chsumi, 1974), and the fin whales in
the @ulf of California are suspected of being isolated and nonmi gratory
(Leatherwood et al., 1982¢), Fujino (1960) suggested that the whales

off California and British Colunmbia may constitute another (sixth?)

stock; there is tagging evidence of seasonal noverment by individual fin
whal es from southern California to British Colunmbia and the Gulf of

Alaska (Rice, 1974).
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There is considerabl e east-west noverment by fin whales, as docunented
by tag-recapture data (Kawakami and Ichihara, 1958; Ivashin and Rovmin,
1967; Nasu, 1974; Ohsumi and Masaki, 1975). Perhaps the nost dranmatic
evidence of this is the whale tagged on 22May 1958 in the southeast
Sea of Okhotsk and captured 6 June 1964 far Inside the Gulf of Al aska
northeast of Kodiak Island (Ivashin and Rovnin, 1967). Fin whales are
t hought to nove along the boundary between Bering Sea coastal water and
the oceanic water, perhaps taking advantage of an eastward-flow ng current
along the north side of the Aleutians to do so {(Nasu, 1974)., Qur study
areas appear to be visited by fin whales fromboth the “American” and
the “Asian” stocks. The belief that the *“American’” stock migrates annually
between Baja California and the Bering and Chukchi seas, as recounted by
Lowy et al. (1982b), anong éthers, is based on supposition rather than
on direct docunentary evidence, although one narked fin whale noved from
Baja California in January to the Queen Charlotte Islands (Gulf of Al aska)
in June (Nasu, 1974). Some fin whales reportedly winter near the Commander
I sl ands (Barabash-N kiforov, 1938) and others may winter at the ice
edge near St. Matthew | sl and (Brueggeman, 1983).

The initial population of fin whales in the entire North Pacific
has been estinmated as 42, 000-45,000, conpared to an estimated size in 1970
of 1.3,000-17,600 (Omura and Ohsumi, 1974). The eastern or “American”
conponent was estimated as 25,000-27,000 ("initial") and 8, 520-10,970 in
1973 (Ohsumi and Wada, 1974:121), the western or “Asian” conponent as
17, 000- 18,000 and 5,100-7,710. Chaprman (1976) accepted estimtes of
about 10,000 for the "American™ stock and about 7,000 for the ‘*“Asian”

stock in 1975. These estinmates are all based on popul ati on nodeling and

Japanese sightings data rather than on direct censuses. Fin whales have
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had full protection from commercial whaling in the North Pacific since 1977.
The size of the present popul ation(s) is not known.

There were 20 sightings of fin whales (52 individuals) made on-
effort and two incidental sightings (4 animals) during our surveys (Figure
30). In addition to these, we have plotted sightings fromtwo vesse

cruises - the RRV MIler Freeman in July 1982 (B. Wursig, in letter, 17

Novenber 1982) and the NOAA ship Surveyor (R Wells, in letter, 9 Novenber
1982) - to supplement our aerial sightings made in the sane year (Figure
31). The nost striking features of the geographic distribution shown in
these plots are the almobst conplete absence of sightings in blocks 4, 5
and 6 and the relatively large concentrations of sightings in Shelikof
Strait (block 7) and between St. Paul and St. Matthew islands, in bl ock

3. It is interesting to conpare our records to plots of Japanese and
Sovi et catches and sightings. The Japanese killed several thousand fin
whal es between 1952 and 1961 within areas we have designated blocks 4, 5
and on the western edge of our block 6 (Nemoto, 1963, Figure 1). Sovi et
investigators reported the hightes concentrations in the same area (Berzin
and Rovnin, 1966: Figure 3). Japanese sightings since 1965 have shown a
continuing presence of fin whales here, with a suggestion that somewhat

hi gher densities may be found to the north, in essentially the sane area

where we and the R'V Miller Freeman (Figure 31) found themin 1982-3

(Wada, 1980: Figure 4d). Qur single sighting of two fin whales in southeastern
Bristol Bay is noteworthy in light of Berzin and Rovmnin's (1966) statenent
that the species is rare in the Bay.
As indicated in Figures 8 through 11, above, our survey coverage in
bl ocks 4, 5 and 6 while not as conplete as we mght have wished, was

substantial. The absence of sightings probably is, at least to sone
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extent, and artifact of inadequae coverage or of the faet, noted in the
section entitled ‘*Survey Effort”’ above, that sea state was generally
worse in blocks 4 and 5 than in other blocks. It could also reflect a
locally reduced density of fin whales caused by intensive exploitation,
first fromthe Akutan shore whaling station and later from Japanese and
Soviet floating factories. At any rate, our failure to find nore fin
whales in the St. George Basin and Bowers Basin OCS planning areas shoul d
not be taken to mean that these areas are of nminor inportance to the
species. They clearly were of major inportance historically. W interpret
the conparatively large nunber of fin whales sighted by the RRV MI|ler
Freeman during a single transect through the St. George Basin and St.
MatthewHal | areas (our block 3) as further evidence that |ow coverage
replicate overflights are an inferior means of assessing whal e abundance
in such large and stormtossed tracks as these.

None of the Japanese or Soviet sources we exam ned suggests a high
density of fin whales in Shelikof Strait, per se. Thus, our records
there are of considerable interest. Many sources indicate high densities
for areas imediately outside Kodiakl sl and (Nasu, 1966: area VI; Berzin
and Rovinin, 1966: Figure 3; Wada, 1980: Figure 4d; Fiscus et al., 1976).
Shore whal ers based at Port Hobron, Sitkalidak Island, killed over 30()

within 100 nm (185.2 km) of the station from 1926 to 1942 (International

Whaling Statistics; Leatherwood, unpublished data).

Qur survey data show strong seasonality in the occurrence of fin

whal es in both the southeast Bering Sea (Figure 32) and Shelikof Strait
(Figure 33). There were no sightings before significant 1 April or after 11

Septenber in either area. This suggests a migration into and out of the study
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areas, with a peak of abundance in summrer, findings which agree with
those of other investigators (e.g. Nasu, 1974).

Al of our sightings were in water |less than 60 fathons (110 m) deep
(Figure 34), which is consistent with the view that fin whales regularly
i nhabit continental shelf waters.

W made no observations of what could be interpreted as feeding
behavi or, although fin whales are known to feed intensively in our study
areas during sumrer (see Lowy et al., 1982b, for a review).

A small calf (less than half the length of an acconpanying adult)
was seen deep inside a convoluted bay (in 6fathons, 1lm, of water) at
57°48.9'N, 153°21.1'W, on 5 August 1982. It is generally stated that fin
whal es give birth mainly during winter at |ow |atitudes (Tomilin, 1967;
Ohsumi, Nishiwaki and Hibiya, 1958). Qur prelinminary check of fetal
| engths of specimens taken at Akutan (and those nentioned’ by Murie,
1959:334) suggests an increasing trend in fetal size from1l to 3feet
in June to 4 to 9 feet in August, and thus a peak of conceptions and births
at a season other than summer. Judging by its small size relative to the
adult nearby, the calf we observed near Kodiak |sland may have been born

as recently as the previous spring or even earlier in the sane sumer.

Sei Whal e (Balaenoptera borealis)

Sei whales are widely distributed in the Atlantic, Pacific and |ndian
oceans. They appear, in general, to prefer subtropical to cold tenmperate
pel agic regions and to avoid polar and shallow coastal waters (Tomilin,
1967). There are three putative stocks in the North Pacific, distributed
in adjacent areas divided by |ongitudes 175°W and 155°W (Masaki, 1977).

Li ke other bal aenopterids, sei whales apparently migrate to |ower
latitudes in winter and higher latitudes in sumer. Thus, they would be
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expected to be well south of our study areas during winter months. In
summer, sei whales reportedly are commn in the Qulf of Al aska and al ong
the Aleutian Islands (Murie, 1959: 334-5; Nishiwaki, 1966; Masaki, 1977,
Nenot o and Kawamura, 1977; \Wada, 1980). They al so have been reported
occasionally in the northern Bering Sea (Masaki, 1977; see below) and even
as far north as the southern Chukchi Sea (Tomilin, 1967:197-9).

The pre-exploitation size of the aggregate population of sei whales
in the North Pacific has been estimted as between 42,000 (Tillman, 1977)
and 82,000 (Omura and Ohsumi, 1974). Estimates of current popul ation size,
derived al nbst exclusively from Japanese catch and sighting data, range
from8, 600 (Tillman, 1977) to the range 20,600 to 23, 700 (Ohsumi and
Fukuda, 1975). Wada (1981) suggested that though the popul ation had
decreased through 1976, it may have been increasing since then.

Regardl ess of which estimates are considered, it is clear that the
sei whale popul ati on has been dramatically reduced since the early 1960’s.
when intensive whaling began for this species. Sei whales were taken rarely
by shore whal ers at Akutan and Port Hobron in the first 40 years of the

twentieth century (Leatherwood, unpublished data). Between 1945 and 1962,
at least 10, 893 sei whales were taken in the North Pacific, but only 23 were
killed in the Bering Sea (Nishiwaki, 1966). From 1963 through 1974, at

| east another 43,719 were taken in the North Pacific (including the Bering.
Sea) (Tillman, 1977). It is unclear what proportion of the latter nunber
was taken in the Bering Sea. Information presented by Masaki (1977:

Figure 3) suggests that between 1952 and 1972 a very small nunber of

whal es were taken by Japan in the Bering Sea. Mst of those were killed
within a few degrees of latitude of the Aleutian chain, the northernnost

at about 58°N, 173°W, at the western edge of our Bering Sea study area.
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Some were also taken along the south sides of Kodiak Island, the Al aska
Peni nsula, and the Al eutian Chain.

There were no reported Japanese catches of sei whales in Shelikof
Strait, but some 26-50 were killed just south of Tigidak and Sitkinak islands
(Masaki, 1977),

Pl ots of Japanese sighting data from 1965 to 1972 show smal| nunbers
of sei whales in the Bering Sea in My, 1larger numbers in June, peak
nunbers in July and August, and none in the eastern half of the Bering
Sea by Septenber (Masaki, 1977: Figure 5). Unfortunately, there is reason
to question the validity of these data. |In Masaki's figure, large concentrations
of sei whales are suggested for an area west of St. Lawrence Island during
August and for an area near Cape Navarin in July. However, a nore recent
review of what we take to be the sane data, conbined with the corresponding
data through 1978, indicates that no sei whales were sighted north of l|atitude
60"N in the Bering Sea (Wada, 1980: Figure 4e and Appendix Table 3). Further,
Nasu (1974) clainmed that sei whales were killed by Japanese in the Bering
Sea “only rarely”’, and that the “main beards”' do not penetrate the Bering Sea.
The presentations by Masaki (1977) and Wada (1980) are consistent with
respect to sei whale densities in Shelikof Strait and along the Al eutians;
both indicate relatively high densities in these areas from May through
August . Wthout exam ning the original data, we cannot reconcile the

disparities between Masaki's and Wada's charts for the northern Bering

Sea. However, we would consider their reports, together wth other
publ i shed docunentation cited above, as an adequate basis for expecting
to find relatively large nunbers of sei whales in portions of our study

areas during late spring and sunmer.
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During this study there was only one sighting |ogged as a sei whale.
It was of a single aninmal, estimated to be approximately 40 feet (12 m | ong,
seen with two fin whales on 1 April 1982 at 57°42.6'N, 165°31.6'W (Figure
35). Water depth at this position is 30 to 40 fathonms (55 to 73 m), The whale
and its companions were swimming slowy and did not appear to respond to the
aircraft. The water depth, the presence of the fin whales, and the near
proximty of the whales to the ice edge caused us to query the species
identification during review. However, there is no basis for changing
t he judgement made in the field.

The only other new evidence of sei whales in either study area is
as follows: A single stranded whale, |ong dead, was found on a beach at
Cape Constantine in northeast Bristol Bay, 30 May 1975 (R Baxter, Bethel
Al aska, pers. comm., 20 May 1982). From characteristics of a sample of
bal een exam ned by Leatherwood (color, length to width ratio, bristle
density and texture), the whale was identified as a sei whale. Sightings
of sei whales in Unimak Pass (ea. 57"N, 166°W), from NVWPS prograns, are
plotted in the North Aleutian Basin report (SAI, 1983: Figure 19.1).

Sei whales feed on a variety of marine organisns (Gambell, 1977
Nemoto and Kawamura, 1977). In a sanple of approximately 12,000 sei whal e
stonmachs collected in the North Pacific, copepods were found nost often (83%
foll owed by euphausiids (13%, fishes, and squid (1%. Since so few
sei whal es have been taken in the Bering Sea, there is little information
on prey for this region.

Japanese sighting and catch data suggest that Shelikof Strait and
environs is an area of relatively high abundance for sei whales, and that
the species is also seen with some regularity along the southern side of

the Al eutians. However, there is no reason to consider the southeast Bering
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Sea as an inportant part of the species’ range. Those whales that visit

our study areas probably do so primarily in mid-summer to feed.

Minke Whale (Balaenoptera acutorostrata)

The minke whale has a worldw de distribution. Because of its small
size, however, it was not a major target of commercial whalers in nost
areas until the reduction in populations of larger, nore valuable species
required a shift in whaling effort. According to Seammon (1874), the
natives of Cape Flattery, Washington, hunted minke whales in early tinmes.
Since World War 11, nodem commercial whaling from shore stations has
become firmy established in the Republic of Korea (Brownell, 1981) and
Japan (Omura and Sakiura, 1956; Ohsumi, 1975), and in both countries
minke whales are an inportant part of the catch. Soviet coastal whaling
accounted for 94 minke whales off the Rurile Islands in 1951-6 , and a
total of 21 were taken by Soviet pelagic whalers in the North Pacific
from 1933 to 1979 (Ivashin and Votrogov, 1981).

Modern shore whaling stations in western North Anerica did not exploit
the mnke whale on a significant scale (Pike and MacAskie, 1969; Rice,
1974; Leatherwood, unpublished data). As a consequence, little was known
until recently about its distribution and abundance on this side of the
Pacific. As Scattergood (1949) st at ed:

The paucity of published records results in a
false picture of the relative abundance of this
whal e in the Northeastern Pacific.

Minke whal es are in fact common during spring and summer nonths in
the Bering Sea, coastal Gulf of Al aska, Puget Sound, and other inshore
waters of the Pacific Northwest (see Stewart and Leatherwood, in press,

and contained references). They are present during winter fromthe Gulf




of California, the coast of Baja California and the Revillagigedos | sl ands,
sout hwest of the tip of Baja California north to central California,

i ncluding the Channel Islands (Rice, 1974; Leatherwood, 1982a). In

summer they can be found virtually anywhere from Baja California to the
Chukchi Sea, where Scanmon (1874) described themto be “as nuch at home

as their superiors in size, the bowheads and the California grays.”

Minke whal es are present but not considered common al ong the Chukotka

coasti n spring and summer (Ivashin and Votrogov, 1981).

Ir is assumed that minke whales in the eastern North Pacific migrate
north to summer feeding grounds and south to winter breeding grounds, but
there is no tagging or other direct evidence of such novenent. Because
of the difficulty of detecting minke whal es, especially in rough seas, it
cannot be routinely assumed that an absence of records, particularly during
wi nter months, denotes an absence of whales. For exanple, it has been
suggested that although few observations have been reported for southern
California waters, mnke whales nay be common there year-round (Norris
and Prescott, 1961; Dohl, Norris, Guess, Bryant and Honig, 1980). A
substantial popul ation in Puget Sound nay be resident (Scammon, 1874, Rice,
1974; Angell and Balcomb, 1982).

Stock identity in the North Pacific has been studied as specinmens
have become available through the whaling industry. To date, the International
Whal i ng Commi ssion has recogni zed three stocks: (1) Sea of Japan-Yellow
Sea- East China Sea stock; (2)Okhotsk Sea-West Pacific stock; and (3)

Remai nder stock, which includes all aninals east of 180° |ongitude and
north of the equator (Ohsumi, 1983; Tillman, Convenor, 1983: Figure 1).
It is not known whether individuals fromthese 3 putative stocks mngle

in or near our study areas. Biochem cal comparisons of sanples from
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different areas in the North Pacific are expected eventually to refine
t he understandi ng of minke whal e stock boundaries there (Tillman, Convenor,
1983; Wada, 1983). Also, efforts to identify individuals with photodocumentation
may hold promse for facilitating research on stock identity, home range,
and behavi or (Doresy et al., 1983).
Scattergood (1949) learned from enpl oyees at the Akutan and Port
Hobron whaling stations that minke whal es were abundant in both areas.
Publ i shed statistics on the catch at these two stations do not list any

minke whal es as having been taken (International \Waling Statistics;

Tgnnessen and Johnsen, 1982: Table 45), but a photo published by Mrgan
(1978) proves that they were caught at least occasionally. A so, our
prelimnary exam nation of |ogbooks kept on the catcher boats operating
out of Akutan and Port Hobron (Leatherwood, unpublished data) has reveal ed
a few catches. It is possible that some of the whales listed in the
**Qther” colum of the catch statistics were mnke whales.

Recent sightings programs in the Gulf of Al aska and Bering Sea have
shown that minke whales are present in shallow shelf waters as well as in
deep areas far from shore (Fiscus et al., 1976; Lowy et al., 1982a,b;
SAlI, 1981: Figure 9:1; SAl, 1983: Figure 19.1; Braham and Rugh, in prep.).
The center of our Bering Sea study area, essentially the eastern portions
of blocks 3 and 4 and the northwest corner of block 6, is the only part
of the Bering Sea and Gulf of Alaska in which Japanese scouting vessels
have reported indices of abundance greater than ca. 50 m nke whal es per
10, OO0 nm (18520 km) searched (Wada, 1980: Figure 4c). Here the index is
ca. 100 aninmals per 10,000 nm It has been suggested that minke whal es

occupy St. Ceorge Basin year-round, with greatest concentrations in sunmmer

near the eastern Aleutian Islands” (Braham et al., 1982:59). Seasonal
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plots of sightings (Braham and Rugh, in prep.) indicate, however, that
winter densities are lower and that the animals are generally found
farther from shore during wnter.

During our aerial surveys we had 34 sightings of minke whal es, accounting
for a total of 41 individuals, 28(36) in the Bering Sea and 6(6) in Shelikof
Strait (Figure 36); an additional 5 sightings (5 animals) were nade outside
the study area in the northern Bering Sea. During the same period there

were al so sightings fromthe RV MIler Freeman along the Pacific side of

the Alaska Peninsula just east of Unimak Pass (2 sightings) and in the Bering
Sea just north of the Pribilofs (2 sightings) (B. Wursig, in letter, 17
Novenber 1982) and from the NOAA ship D scoverer along the 169°30'W | ongitude
line between 62° and 63"N (4 sightings) and just outside the bay at

Kodi ak Township on Kodiak Island (2 sightings) (R Wells, in letter 9
Novenber 1982). There was not a sufficient nunber of sightings during

our aerial surveys in either study area to calculate density.

There were observations over a wide area, but a notable concentration
was in Bristol Bay. The distribution of sightings by season is shown in
Figure 37 (a-d). Bristol Bay sightings coincided with the period of an
active herring fishery (May-July), particularly within about 10 nm (18.52 km
of shore from Cape Constantine and Cape Newenham The clunping of sightings
near the .fishing fleet may be due to the fact that minke whal es can be
detected more easily when they are actively feeding near the surface.

Al so, the convergence of individual minke whales to an area of high food
availability presumably inproves the chances some will be seen. Direct
evidence concerning the diet of minke whales in the southeast Bering Sea
is sparse, but Frost and Lowy (1981a) indicated that euphausiids and

pel agi ¢ and semidemersal fishes, including herring, are taken.
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In four of our sightings, each of a lone individual, minke whales
were observed swiming rapidly back and forth through visible schools
of unidentified fish, and thus were presuned to be feeding. These
sightings were on 15 May 1982 off Cape Pierce (58°22.9'N, 162°19.7'W)
and Cape Newenham (58°22,4'N, 161°28.7'W), on 3 June 1982 in Shelikof
Strait (58°02.9'N, 154°09.2'W), and on 20 August 1982 just northwest
of Cape Constantine (58°29,0'N, 161°28.7'W). Because of the dates and
| ocations of the sightings, and the known concentrations of herring in
northern Bristol Bay, we suspect herring were the prey being chased by
the whales. In tw additional sightings, also in the vicinity of Cape
Newenham and Hagemeister Island in May and June, the whales were in
close proximty to working herring boats and were probably feeding (Figure
36).

Minke Whal es were observed in the Bering Sea during all surveys
except survey 8, but the frequency of sightings increased rapidly in My
to a peak in June, then declined rapidly through August to |evels” nmintained
the remainder of the nmonitoring year (Figure 38). W believe feeding activity
is a large part of the explanation for the spring and summer peaks in
sightings. The observed trend strongly suggests there are sone minke
whales in the Bering Sea year-round, as has been previously alleged
(Dahlheim and Braham, 1981, cited in SAI, 1983 but not included in their
reference list). In the Bering Sea, mnke whales were seen near the pack-
ice edge twice: in 10%floes in January (at 58°01'N, 165°33.7'W, bl ock 1)
and in 25%floes in April (at 57°50'N, 165°33.7'W, block 1). Sightings
in block 7 were nmake only during surveys 2, 5 and 6; the earliest was in

raid-Muy, the latest in late Cctober (Figure 39).
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Minke whal es were seen in water froma few to nore than 1,000 (1,830 m
fathons deep (Figure 40). The relatively large nunber of observations
in water less than 70 fathoms (128 m) were nainly in shallow Bristol
Bay, in waters north and east of the Pribilofs. (where there was significant
searching effort in shallow water - see Figures 8-11), and along the
narrow shelf edge in Shelikof Strait.

Only two calves were seen: a very small individual (less than half
the length of the acconpanying adult) on 15 May 1982 in 7 fms (12.8 nm) at
58°27.0'N, 160°45,9'W (block 1) and a larger individual (ea. half the length
of the acconpanying adult) seen in 5 fns (9 n) on 12 August 1982 at
56°55.4'N, 159°25.6'W. North Pacific minke whal es are thought to breed
throughout the year, with calving peaks in December and June (Mitchell,
1975b). It is of interest that Dorsey et al. (1983), in spite of intensive
sumer searching effort in inshore waters of Washington State, have seen
no calves. In the Antarctic, females congregate at higher latitudes than
males (Ohsumi and Masaki, 1975). Of Newfoundl and pregnant fenales and
juveniles of both sexes penetrate deeper into enbaynments than other animals,
and younger animals tend to remain in embayments nuch |onger than mature

animals (Mtchell and Kozicki, 1975). No such evidence of age or sex

segregation is available for the Bering Sea or Shelikof Strait.

Hunpback whale (Megaptera novaeangliae)

The hunpback whale has a coastal distribution on both sides of the
North Pacific and al so occurs regularly and in relatively large nunbers
around offshore islands, such as the Revillagigedos off Mexico, the
Hawai i an islands in the md-Pacific, and the Ryukyus off southern Japan
(Tomilin, 1967; Rice, 1978c). Hunpbacks were hunted by primtive nethods
of f Japan (Omura et al., 1953) and along the Pacific northwest coast of
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North Anmerica (Mtchell, 1979; O Leary, in press) since very early tines.
Yankee pelagic whalers took them during the nineteenth century, mainly
when nore valuble species like the right whale and sperm whale were
unavai |l abl e (Scammon, 1874; Henderson, 1972).

Large stocks of hunpbacks nevertheless remained in the North Pacific
when nmodern whal i ng methods were introduced there. A total of 23,215
were taken throughout the North Pacific by whalers from several nations
between 1910 and 1965 (Rice, 1978¢c: Table 1). After the 1965 season, the
species was given full protection from comercial whaling in the North
Paci fic. A substantial proportion of the reported catch through 1965 was
made in or near our study areas. At least 1,793 hunmpbacks were |anded
at Akuatan from 1914 to 1939; 1,452 at Port Hobron from 1926 to 1937
(Leatherwood, unpubl. data). By the early 1960's, the only area in the
North Pacific where large nunbers of humpbacks could still be found was
around the eastern Aleutians and south of the Al aska Peninsula from
150°W to 170°W (Rice, 1974). The catches by Russian and Japanese factory
ships during 1962-1965, totaling 4,006 humpbacks (Rice, 1978¢c: Table 1),
presumably were made primarily in these areas.

There has been general agreenment that hunpbacks are divided into at
| east two stocks in the North Pacific - a western (“Asian”’) and an eastern
(“American”) stock (Kellogg, 1929; Tomilin, 1967). Three “stocks” have
been tentatively identified on the basis of known wintering areas, thus:
1) a Mexican stock off the nmainland and Baja California coasts of Mexico
and around the offshore Revillagigedos; 2) a Hawaiian stock; and 3) an
Asi an stock around the Mariana, Benin, and Ryukyu islands and Taiwan

(Rice, 1978c). In addition, Rice (1978¢c) referred to “unconfirned reports”
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suggesting the possibility of a snmall resident population in the CGulf of
California.

Several tag returns have denonstrated trans-oceanic novenent by
hunpbacks (Kawakami and Ichihara, 1958). One whale marked south of Unalaska
Island (eastern Aleutians) on 23 July 1956 was captured west of CKinawa
Island (south of Japan) on 7 January 1958. Two others marked on 4 and 5
Septenber 1956 north of Unalaska were killed east of Okinawa on 28 January
1958 and west of Ckinawa on 26 February 1958, respectively. Additional
tag recoveries denmonstrating simlar novenents were made in subsequent
years {(Nishiwaki, 1966; Rice, 1978¢c). Interestingly, no tags have been
returned from hunpbacks marked off California and Mexico (Rice 1974).
Neverthel ess, Rice (1974) considered it “probable” that some hunmpbacks
wintering in these areas nove far enough north during their sumer feeding
mgration to mx wth hunpbacks fromthe western Pacific, a view shared
by many other authors (e.g. Berzin and Rovnin, 1966).

Wth the recent devel opment of photodocumentation and i ndi vi dual
whal e identification techniques, it has becone possible to test the validity
of long-held assunptions about hunpback whal e nmovements and stock rel ationships
(e.9. Katona et al., 1979,1980; Katona and Witehead, 1981, Mayo, 1983).
Application of these techniques to humpbacks in the North Pacific has
begun to reveal inmportant new insights, and it prom ses to revise the
simplistic conventional view that there are two stocks, and the untested
hypot hesis that there is little or no mxing between whal es using different
wi ntering grounds. Al ready, hunpbacks that winter in Hawaii have been
shown to travel to feeding grounds off southeast Alaska, south central
Al aska, and British Colunbia; and individual whales have been shown to

winter in Hawaii and Mexico in different years (Darling, 1983; Darling
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and McSweeney, 1983; Darling and Jurasz, 1983). Thus, it has been suggested
that there may be a single North Pacific stock rather than two or nore
separate stocks (Darling, 1983). We expect further work of this kind to

i mprove our understanding of hunmpback stock relationships even further.

Berzin and Rovain (1966) considered “the center of the sumrer habitat”
of hunpbacks in the North Pacific to be between 145°W and 170°W, south of
the Aleutians, and “to the north of Unimak Strait.'* They also referred
to concentrations south of Nunivak |sland, close to Cape Newenham and
bet ween the Pribilofs and Cape Newenham  Hunpbacks were sighted by Japanese
scouting vessels in portions of our study areas during 1965-1978 (Wada,
1980: Figure 4g). The highest indices of abundance (30 whal es per 10,000
nm (18,520 kn) searched) were in the square surroundi ng Kodiak Island
(including Shelikof Strait) and in our block 3, between Nunivak Island
and the Pribilofs. Mich higher densities (to 75 whales per 10,000 nm
were reported for areas south of the Al eutians, from Unimek Pass and
eastward. “Single wandering individuals occur nmore or less often” near
t he Commander Islands (Barabash-N kiforov, 1938).

Recent observations indicate that humpbacks continue to be widely
distributed during summer on the continental shelf of the southeastern
Bering Sea, in particular south of Nunivak Island (Nemoto, 1978; Br aham
et al., 1982: Figure 4.2), north and northwest of the Pribilofs (SAI,

1981: Figure 9.1), just east of the Pribilofs (G. Hunt, pers. comm.), and

in the Unimak Pass area (Brahamet al., 1982: Figure 4.2; SAl, 1983: Figure
19.1). Several sightings have been reported in outer Bristol Bay as well
(SAI, 1983: Figure 19.1), although Nenoto (1978) stated that few observations
of hunpbacks were made in “uppermost Bristol Bay according to the fisheries
people.”
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The sightings plotted in the Unimak Pass area (SAl, 1983: Figure 19.1)
anply demonstrate that hunpbacks are commonly seen there, mainly along the
narrow shelf to the west of the pass. Judging by Braham and Rugh's (in
prep.) seasonal plots, hunpback distribution expands during sunmer and
fall into many parts of the southeastern Bering Sea as well as along both
the north and south sides of the Al eutians. This increase in sightings
presumably reflects the arrival of migrants fromthe southern breeding and
cal ving grounds.

Rice (1978¢c) offered the hypothesis that there were about 15,000
humpback whales present in the North Pacific before 1905. He felt that
trends in catch after that tine would have been consistent with such an
initial population level. There is no doubt, judging from marked declines
in catch on various grounds, that the hunpback population in the North
Pacific has been severly depleted by whaling (Rice, 1974, 1978¢). Al though
Doi et al.,(1967, as cited by Rice, 1974; see Anon., 1967) estimted
a population of 2,100 in ca. 1966, Rice (1974) concluded that the eastern
North Pacific stock nunbered only "a few hundred” in 1971.  Japanese
investigators estimated in 1972 that there were 1,200-1,600 humpbacks in
the North Pacific (Ohsumi and Wada in Chapman, Chmn., 1973:32), but
Rice (1978¢) used Japanese sightings data collected from 1965 to 1974 to
make a rough estimate of 850 whales for the total North Pacific popul ation between
120°W and 140°E, He considered nost of these to be fromwi nter grounds
of f Mexico and Hawaii, noting hunpbacks were “scarce” on the Asian winter
grounds.

As in the case of stock identity, individual whale identification
by use of photodocumentation techniques can inprove estimates of abundance

Bet ween 1977 and 1982, 1,056 hunpbacks were individually identified on
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the Hawaiian wintering grounds alone (Darling and MSweeney, 1983), and
Darling (1983) guessed that” “there are well over 2,000 in the northeast
Pacific.”

There were 8 sightings, involving 15 aninmals, made during our surveys
(Figures 41, 42). There were far too few hunmpback sightings, separated
by too great a distance, to allow us to make any density estimtes for
this species. It is, perhaps, noteworthy that our two sightings in the Bering
Sea study area were in the general vicinity of sightings nmake by others
during vessel transits through the area in the same year (Figure 41), and
their positions are consistent with the published information on hunpback
distribution summarized above. Although we hesitate to generalize on
the basis of such a mobdest sanple, our data suggest that nearshore waters
of f the northeast comer of Kodiak Island may be inportant to summering
humbacks. It was in this area that the only humpback calf was observed,
on 20 July 1982 in the conpany of one adult in shallow water (13 fins, 24 m
at 58°39.6'N, 152°29.8'W. All the hunpbacks we observed were in shallow
shelf waters less than 84 fms (154 m) deep.

Qur data show a strong seasonality to the presence of hunpbacks
in the study areas, which is to be expected of these migratory animals.
Most of our sightings (5) were in the second week of Septenber; the others,
fromlate July to md-August. In only one of our sightings was it evident
that the hunmpbacks were feeding - two aninmals seen in water 50 fms (91 m

deep at 54°19.1'N, 165°47.6'W on 8 August 1982.

Sper m Whale (Physeter macrocephalus)

The sperm whal e’ s worl dwi de distribution, abundance, and popul ation
dynami cs have been discussed by many authors (see, for instance, Tomilin,
1967; Berzin, 1972; Best, 1979; contributors to |WC, 1980, and other IWC
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reports). Rice (19784) estimted the current world popul ation as 800, 000
adults, or 1.5 mllion whales including calves and juveniles. He believed
nearly half of these to be in the North Pacific.

Large nunmbers of sperm whal es were caught in the North Pacific by
nineteenth century whalers, but nmost of this activity took place well south
of our study areas, in fact south of 40°N [atitude (Townsend, 1935;

Banni ster and Mtchell, 1980: Figure 7). Mdern shore whalers killed relatively
modest nunbers in the eastern North Pacific: less than 1,000 in Al aska

from 1912 to 1939 (Ohsumi, 1980); nore than 5,000 in British Colunbia

from 1905 to 1967 (Pike and MacAskie, 1969: Appendix I), and over 1,000

in California from 1919 to 1971 (Rice, 1974; Ohsumi, 1980). But since Wrld
War 11 tens of thousands of sperm whal es have been killed in the North
Pacific by Japanese and Soviet whalers, fromland stations and pelagic
floating factories (Berzin and Rovnin, 1966; Tomilin, 1967; Nishiwaki,

1966; Tillman, 1977). The total North Pacific sperm whale catch between
1910 and 1976 has been estimted at nearly 269,000 (Ohsumi, 1980), The
peak kill in a single year was over 16,000 taken in 1968. Al though

pel agi c whaling for sperm whales has stopped, the species is still hunted
fromshore stations in Japan.

The question of sperm whale stock identity in the Norht Pacific is
still open. At least three stocks - Asian, Central, and Anmerican - have
been proposed by sone authorities (e.g. Masaki, 1970; Tillman, 1977; Banni ster
and Mtchell, 1980). Chers (e.g. Ohsumi and Maski, 1977) have argued
for only two - Western (Asian) and Eastern (Anerican). In 1978, the IWC
adopted for management or reference purposes a boundary between Eastern
and Western *'stocks” of spermwhales in the North Pacific (Bollen, Chmn.,

1979).  This boundary consists of a line corresponding with the 180°
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longitude line south to 50°N, the 50°N |atitude |ine east to 160°W,
the 160°w | ongitude line south to 40°N, the 40°N | atitude line east to
150°W, and the 150°W longitude line south to the equator

Femal e sperm whales do not nove to latitudes as high as those reached
by adult males. Fenmales have been taken with some regularity in the
western Bering Sea (Smith, 1980), but very few have been taken by Japanese
pel agic whalers in the Bering Sea east of 18° (Ohsumi, 1966; Ohsumi and
Masaki 1977: Figure 2); Hanna (1923, 1924, as cited_in Tomilin, 1967:354)
mentioned a record of a female marked in the eastern Bering Sea south of
the Pribilofs (in our block 4) was killed east of British Colunbia; by
contrast, several males marked in the eastern Bering Sea were caught off
Japan and Xamchatka or south of 40°N and west of 180° |ongitude (Ohsumi
a d Masaki, 1977: Figures 4, 5). Both sexes appear to move |ong distances,
both latitudinally and longitudinally. Wntering grounds of sperm whales
summering in waters in or near our study areas are not clearly known.

Orura (1955) proposed, and Berzin and Rovnin (1966) agreed, that
the usual limt of sperm whale penetration into the Bering Sea is a |ine
Pribilof Islands, with the greatest concentration to the north of Atka
Island.”* Sperm whales are said to arrive near the Aleutians in March
(some may overwinter), and |arge nunbers to appear in the eastern Bering
Sea by April (Berzin and Rovamin, 1966). In September, many of the sperm
whal es that summered there begin to mgrate south.

Sperm whal es show a clear preference for deep waters at the shelf
edge, on the continental slope, or over deep offshore canyons. The
distribution in the eastern Bering Sea mapped by Nishiwaki (1966: Fi gure
7), based on Japanese whaling data, and by Berzin and Rovnin (1966

Figure 1), based on their own observations supplemented by Soviet whaling
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data, shows a renarkably close correlation with the shelf edge. Thus
sperm whal es are nost likely to be encountered in our blocks 4 and 5, on
and seaward of the continental slope. The narrow shelf along the south
side of the eastern Aleutians, Al aska Peninsula, and Kodi ak Island ensures
that sperm whal es appear regularly close to the southern borders of both
of our study areas. Sperm whales were taken by both Akutan and Port Hobron
whal ers (Birkeland, 1926; Leatherwood, unpublished data).

Japanese sightings data from 1965 to 1978 show a conpl ete absence
of spermwhales in outer Bristol Bay and Shelikof Strait, but reasonably
hi gh densities (ea. 200 whal es per 10,000 nm (18,520 kn) surveyed) along
the Al aska Peninsula and the eastern Aleutians (Wada, 1980: Figure 4b).
A sinmilar density is shown for the outer continental shelf waters between
St. Matthew Island and the Pribilefs (our block 3 and the northern part
of block 4). H gher densities (ea. 300 whales per 10,000 nm (18,520
km) were estimated for the central Al eutians, including the deep (>100
frme (183 m) waters in the western half of our blocks 4 and 5. Rerent
sightings by American researchers indicate that sperm whal es occur
mai nly during summer and fall, in or near Unimak Pass and on the continenta
sl ope west of the pass (SAI, 1983: Figure 19.4; Braham and Rugh, in
prep.).

We sighted no sperm whal es during our aerial surveys. The areas
in which bulls, the animals nost |ikely to have been seen, were expected
were the |east surveyed regions and were flown, in general, under the
worst survey conditions encountered. Therefore, our failure to detect
the solitary, long-diving bulls is not surprising. Nevertheless, there
are sufficient historical catch and recent observational data to denonstrate
that adult male sperm whales visit the deep areas south and west of the
Pribilofs i n substantial nunbers during summer. There is no reason to
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believe any part of our study area is of direct inportance to the female
and young conponents of the sperm whal e popul ation. However, it is
reasonable to conclude that the region is inportant as a foraging ground
for adult nales which prey mainly upon |arge squids, octopuses, and
deepwat er fishes (Caldwell et al., 1966). Bulls fromthe heavily exploited
Western “’stock’” are probably at least as nuch involved in the use of

this area as are bulls fromthe Eastern "stock” (see Ohsumi and Masaki,

1977).

Nar whal (Monodon monoceros)

The narwhal is primarily an inhabitant of deep Arctic waters, and
its centers of distribution are generally far from our study areas (Reeves
and Tracey, 1980), W are aware of only two confirmed records of the
species in the Bering Sea (see Reeves, 1978, for a review of other Al askan
records). A l4-ft narwhal with a 7-ft tusk stranded alive at the nouth
of the Caribou River in Nelson Lagoon on the Al aska Peninsula in April
1957 (Geist, Buckl ey and Manville, 1960). More recently, two narwhals
with conspicuous tusks were observed on 26 April 1982 during an aerial
survey of Bering Strait and the northern Bering Sea sponsored by the
U.S. Mnerals Management Servi ce (Ljungblad, Mbore and Van Schoi k, 1983:
pp. 35-37, Figure 7; also see AnON., 1983). The whales were in 8/10 flce
ice about 8 km WNW of King Island in the Bering Sea. The authors specul ated
the whal es had “apparently wintered in the Bering Sea and were mgrating
north with the bowhead and beluga whales.” ,

No narwhal sightings were made during our surveys; nor did we |earn
of any additional records fromin or near our study areas. Based on all
avail able information, narwhals are not a normal conponent of the southeastern
Bering Sea and Shelikof Strait nmarine mammal faunas.
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Wi te Whal e or Beluga® (Delphinapterus leucas)

Belugas occur in many presumably discrete stocks ian the Arctic and
Subarctic (Kleinenberg, Yablokov, Bel'kovich and Tarasevich, 1969;
Gurevich, 1980). During summer nost herds congregate in river nouths,
al though in the Chukchi Sea some animals remain closely associated with
the offshore pack-ice edge (Seaman and Burns, 1981). Belugas have
been hunted, sonetines intensively, over their wde, alnost circumpolar
range.

Al askan distribution has been reviewed recently by several authors
(Harrison and Hall, 1978; Seaman and Burns, 1981; Lowy et al., 1982bv).
The total population using state waters was estimated as 10, 000-16, 000
by the Interagency Task Goup (1978), cited in Lowy et al. (1982b),
studying the return of managenent of the species fromthe federal government
to the state. Later, Lowy et al. (1982b) stated that a conbination of
estimates from various areas suggests a total of “at least™ 15, 000-18, 000
belugas in the ® 'Bering-Chukchi-Beaufort stock”.

Most authorities agree that the Cook Inlet stock is isolated from all
others (Sergeant and Brodie, 1969; Fay, 1978; Lowy et al., 1982b).
Al'though this small stock is considered non-mgratory, its known distribution
extends at least to Kodiak Island and the adjacent Al aska Peninsula in
the west and Yakutat Bay in the east (Harrison and Hall, 1978). There
was some sport hunting near Kenmai during the nmid-1960"s (Interagency
Task Group, 1978), but the stock is not exploited at present (Seaman and
Burns, 1981; contra Mirray and Fay, 1979 MS., as cited in Perrin, Chmm.,
1980: Table 1, who indicated recent annual kills of nore than 10 animals)
and is considered “stable” (Interagency Task Goup, 1978). Sergeant and

Brodi e (1975) gave 150-300 aninals as an estimate for this popul ation,

°In Alaska and the Soviet Union researchers call the species "belukha”.




Wi thout eiting their source. Qher authors (Interagency Task G oup,

1978; Lowry et al., 1982b) have claimed that there are 300-500 whales in

the Cook Inlet region. Data from recent aerial surveys have been extrapol ated
to an estimate of 200-500 in the late 1970's (Murray and Fay, 1979 M.,

as cited in Perrin, Chmn., 1980: Table 1).

Harrison and Hall (1978) saw belugas i n Shelikof Strait in March and
July (1975-1977). W nade only one beluga sighting in or near Shelikof
Strait during our aerial surveys (Figures 43, 44). On 6 August 1982 one
beluga was seen close to the shore of the Al aska Peninsula near the
sout hwest entrance of the strait (56°59.5'N, 156°27.6'W). Belugas were
al so observed repeatedly in the Cook Inlet conplex during our transit
flights into and out of Anchorage, particularly near the estuary of the
Kenai River. One of these sightings, nade during a training segment on-effort,
is shown in Figure 44. W are unable to evaluate the estimtes by others
of the size of the Gulf of Alaska stock, both because of those authors’
failure to publish the basis for their figures and because of the-incidental
nature of our own observations.

The distribution and abundance of belugas in Bristol Bay are better
known. During the 1950's and 1960's, rudinentary studies were done in
Bristol Bay by ADF&G scientists and others, pronpted nmainly by concern
about beluga depredations on comercially val uable sal non stocks (Brooks,
1954 et seq; Lensink, 1961; Klinkhart, 1966, Fish and Vania, 1971).

More recently, studies of belauga distribution, behavior, abundance, and

movenents have been initiated in the river conplexes associated with

upper Nushagak Bay (Stewart et al., 1983) and in Kvichak and Nushagak

Bays (Frost et al., 1983).
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The discreteness of the beluga stock in Bristol Bay is less certain
than that of the Cook Inlet stock. *“The degree of interchange between
this population and that of the northern Bering Sea, if any, is not
known” (Interagency Task Group, 1978). Beluga distribution in sunmmer is

“continuous from Bristol Bay to the western Beaufort Sea,” and “essentially

the entire population [of belugas in A aska] resides in the drifting

pack [of the Bering Sea] during winter (Seaman and Burns, 1981).

The size of the Bristol Bay stock has been estimated as 1,000-1, 500
animal s (Sergeant and Brodie, 1975; Interagency Task G oup, 1978), although
the nunber present at any one tine evidently can vary considerably (Brooks
as cited in Lowy et al., 1982b:103). The maxi mum nunber observed in
Nushagak Bay in 1982 was 400-600; in 1983, 135 were seen in Nushagak
Bay and 400 in Xvichak Bay (Frost et al., 1983). Based on surveys conducted
in July 1983, the nunber of belugas in the two bays was estimated to he
1,100, including neonates (Frost et al., 1983). The distribution and
abundance of belugas in Bristol Bay today are “"comparable™ to what they
were in the md-1950's (Frost et al., 1983). Intensive hunting but lower
harvests continued in Bristol Bay until recently, when local residents
began to devote nore of their attention to comercial fishing. Seaman
and Burns (1981; Table 1) indicated a total catch of only 10 belugas in
Bristol Bay during the period 1977-1979.

The belugas in Bristol Bay spend much of the year there (Fay, 1978;
Frost et al., 1983). According to Seaman and Burns (1981), they “enter
the bays and rivers of Bristol Bay as early as ice conditions permt,
which may be in late March or early April,” and they remain in these
areas until late summer. The aninmals ' novenents are closely related to

the presence of “sequentially abundant and highly available forage fishes
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such as salmon, herring, smelt, and arctic and saffron cods (Lowy et
al. , 1982b). Aerial surveys in the southern Bering Sea during February,
March, April, June, August and Cctober resulted in sumer sightings in
Bristol Bay and offshore in the vicinity of the Pribilofs (Harri son and
Hal |, 1978). *“Sightings in Bristol Bay during the winter nonths were
more numerous and are clustered in the northern portion of the bay'”
(Harrison and Hall, 1978). These animals seen in March and April nay

have been headed to Kvichak and Nushagak bays. Harri son and Hall (1978)
reported an absence of sightings in Moller Bay, but Frost et al. (1982b)
showed two sightings in and near Port Moller. Frost et al. (1982b)
neverthel ess reported generally few sightings along the A aska Peninsul a
and | earned that |ocal observers consider belugas "very unconmon along this

(the southwest) part of the Al aska Peninsula.”

During ice-free seasons belugas are scarce or absent in the St.
Ceorge Basin (Braham et al., 1982) and throughout much of our Bering Sea
study area (see distribution map in Fay, 1978). During our aerial surveys,
we nmade only one sighting in the St. George Basin (corresponding to our
blocks 4, 5 and 6), that of a single animal seen at 55°28.4'N, 167°56.9'W
in 80 fathons (146 n) of water on 8 August 1982 (Figures 43, 44). Other
St. George Basin sightings (season unspecified) were reported at ca.
56°30'N,166°40'W (SAL, 1983: Figure 19.4) and at ca. 58°30'N, 173°W
(SAL, 1981: Figure 9.2).

Li ke Harrison and Hall (1978), we had relatively few summer sightings
(Figure 45), probably because of the fact that the whales were concentrated
inrivers or river nmouths at this tine and thus were unlikely to be seen
on our transects. Frost et al. (1983) found that radio-tagged whales in

Kvichak Bay nade tw ce-daily upriver movenments of as nuch as 30 mles
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Figure 45. Indices of abundance of white whales by survey blocks 1-6.

317



(56 knj. Two tagged whales followed for a two-week period between md-My and
md-July did not |eave Kvichak Bay. Qur sightings overall were clustered
in upper Bristol Bay and in study block 2, between St. Matthew and Nunivak
i slands (Figures 43, 44). The 7(26 belugas) sightings outside our Bering
Sea study area, north of 62°N, were nostly in April in the pack-ice

south of St. Lawence Island and in the approaches to Norton Sound. The
depth preferences suggested by our data (Figure 46) are not surprising.
The majority of sightings were in water |ess than 30 fathoms (55 m

deep, and all sightings for which the position was known with sufficient
precision to estimate the depth were on the continental shelf (80 fns
(146 n) or less). In the aggregate, our data also indicate the well-known
association of belugas with ice; there is a strong peak in sighting

frequency in areas of 80%ice coverage (Figure 47).

We saw and recogni zed white whale calves on only one occasion. Two
of 7 individuals seen at 60°22.9'N, 167°48.6'W (j ust west of Nunivak
Island) on 15 January 1983 were calves. |lce coverage at the site was 95%
and the water was 15 fathons (27 m) deep. There was al so only one sighting
in which we were confident that the animals were feeding. It involved
two animal s just west of Egegik Point, in the turbid coastal waters of
eastern Bristol Bay (58°19.0'N, 157°34.9'W; 17 March 1982). Waves could
be seen in front of the whales and in front of the small schools of fish
whi ch they were chasing at high speed.

Qur data are not adequate for making a realistic estinmate of beluga
density in any portion of the study areas. In general, our findings
concerning the use of Shelikef Strait and the southeast Bering Sea by
white whal es agree with the observations of others who have worked there

(Harrison and Hall, 1978; Seaman and Burns, 1981; Lowy et al., 1982b;
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Frost et al. 1983; Stewart et al., 1983). Shelikof Strait is relatively
uni mportant as beluga habitat. However, those belugas that do occasionally
visit the strait probably belong to a stock centered in Cook Inlet which
is small and al nost certainly disjunct from nore popul ous western stocks.
Modi fication or contam nation of any part of this stock’s range nust be
viewed with concern. Bristol Bay supports a substantial year-round

popul ation of belugas. The animals appear to depend on productive estuarine
waters in the upper bay as assenbly sites during open-water nonths, and
they nove offshore with ice formation in the fall. It is possible that,
during winter, animals from stocks which mgrate northward in summer
(Seaman and Burns, 1981) are present in portions of our Bering Sea study
area where open water is available (e.g. the animals seen in April

between St. Lawence and St. Matthew islands-Figure 41).

Fam | y Ziphiidae, The Beaked Whal es

Only three species of ziphiids have been reported from the northern

Gulf of Alaska and adjacent waters of the Bering Sea: Baird s beaked

and Stejneger's beaked whal e, Mesoplodon stejnegeri (Leatherwood et al.,

1982c; Mead, Wl ker and Houck, 1982). These snmall to medi umsized whal es,

| ike other beaked whales, are often difficult to detect and positively
identify even when a specimen is in hand (More, 1966; see Figure 48),

l et alone in encounters at sea. They occur in small groups, can dive

for protracted periods, produce a |ow inconspicuous blow, and are often

wary of vessels. They also tend to inhabit pelagic waters which, particularly
in the areas covered by the present investigations, are often rough and

i nhospitable for visual censuses of cetaceans. Thus, the fact that

there are relatively few confirmed identifications of these whales in

our study areas and that they are known there principally from stranding
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Figure 48. s, Unidentified beaked whale stranded at Amchitka |sland, Al aska in 1978.

Beaked whales are often difficult to identify even when a specinen is

avail abl e (photo by F. B. Lee, courtesy F. Zeillemaker).
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records do not necessarily denonstrate |ow |levels of absolute or relative
| ocal abundance.

We note with interest the comment by Marakov (1967) that of 17
species of whales reported in the area of the Commander Islands, “'the
killer whale, the beaked whale and Baird's beaked whale are the npst
i mportant species.” He added "...the beaked whal es [species unspecified]
are often net in in-shore waters and their total nunbers makes up 30 specimens.
The beaked whal es hol d one by one; this peculiarity differs themfrom
Baird's beaked whal es.” According to Marakov, between 1952 and 1962,

16 ziphiid specimens were observed along the Commander islands in the
space of 3,000m.

During our surveys we observed |ive beaked whal es on five occasions.
Al'though glinpses of the animals were usually brief, and we were able to
obtai n photographs in only one instance, we have tentatively identified
animals in these encounters to species based on the following characteristic
features (Leatherwood et al., 1982¢):

Baird' s beaked whales are large (to 13m long) and have a bul bous
forehead, a long dol phin-like beak, and a relatively |ow, sub-triangular
dorsal fin. They are slate gray to brown with numerous scratches on the
dorsal and lateral surfaces. Fromthe air, the beak often appears |ighter
than the rest of the body and is often tipped with white, presumably the
t eet h.

Cuvier's beaked whal es are smaller (to about 7 mlong). They |ack
the bul bous melon and | ong beak of Baird s beaked whal es, having instead
a snoothly tapered head and a short, poorly defined beak. Their dorsal

fin is promnent and falcate. Cuvier’'s beaked whales are tan to brown,
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with a light-colored head. Adult males in particular are often very
lightly pigmented and have a white head; their back and sides often
have scratches and |ight blotches.
Stejneger's beaked whal es are not known to exceed 53m in total
body length. They have a roughly cone-shaped head and beak, and, apparently,

lack the light coloration of the head characteristic of Cuvier's beaked
whal es. In dorsal view, the teeth of adult nmles, |ocated near the
m ddl e of the lower jaws, may flash white.

During the aerial surveys, beaked whales not attributable to Baird's
or Cuvier's beaked whal e, each of which can be identified if seen clearly,
were assumed to be Stejneger's beaked whal es.

In addition to the 5 sightings nentioned above, we investigated 2
strandi ngs of beaked whales - one of a Baird s beaked whale and one of a
presumed Stejneger's beaked whale - and conpiled all available records
of beaked whales in and near the study areas. Findings are discussed

below by speci es.

Baird's beaked whale (Berardius bairdii)

This species is endenmic to the North Pacific, where it inhabits higher
latitude tenmperate and lower latitude polar waters. It is generally seen
in the deep ocean or deep canyons near the continental shelf (Davidson,
1929; S1lipp and Wilke, 1953). There are records fromas far south as
28"N off Baja California (Leatherwood et al., 1982¢), between 25"N and
30°N of f southern Japan, and above 30°N across the central North Pacific
(Nishimura and Nishiwaki, 1964; Nishiwaki, 1967; Ohsumi, 1982; Kasuya and
Ohsumi, 1983). These southern extremes may represent wintering linits
(Tomilin, 1967) al though southernnmost eastern Pacific sightings are

sporadi ¢ throughout the year (Leatherwood, unpublished data). North of
324



the | atitudes mentioned, the species is widely distributed around the

North Pacific and Gulf of Alaska and is found throughout the Ckhotsk Sea
(Sleptsov, 196la, 1961b). The population(s) reportedly nmigrates into the
Bering Sea in spring, where the animals remain until Septenber. During this
season they probably reach their northernnost linmts. True (1910) described
speci nens col lected from St. George Island, Pribilofs in June and August,
and Hanna (1920) reported on a specinen stranded in July on St. Matthew
Island. Tomilin (1967) and Sleptsov (196l1a, 1961b) stated that the species
occurred in the western Bering Sea as far north as Olyutorskiy Bay,

rarely to Cape Navarin. There are, in fact, few published records of

t he species’ occurrence alive in the Bering Sea, except for near the

Al eutian (Chsumi, 1982; Kasuya and Chsumi, 1983) and Commander i sl ands
(Barabash-N kiforov, 1938). Sleptsov (1961a, 1961b) specul ated that

Baird’ s beaked whal es possibly enter the Chukchi Sea, though he presented
no evidence to support his speculation and we are aware of no confirmed
records of this species fromthat far north. Gven Baird s beaked whale's
apparent preference for pelagic waters, such penetrations into shallow
waters by healthy animals are not likely to occur routinely.

The twel ve known specinmens of this species found in A askan waters
are sunmmarized in Table 13, and |ocations of those within or near the study
area are shown in Figure 49. Included on that figure is the location
of the only confirmed sighting of Baird s beaked whal es made during the
present surveys. During a coastal survey on 10 August 1982, 4 whales
were seen in block 5 zone 1, off Umnak |sland, at 58°27.1'N, 168°56'W.

The aninals were positively identified from photographs as Bairdfs beaked

whal es. The whal es, all of which were approxinately the sane |ength,

were in a tight cluster swwmming slowy westward. The whales were in
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Table 1

3. Specimen records of_Berardius bairdi from Alaska,

rr‘ I |Spe(:| rren‘ | Source
M phocs. Date Larat {nn | Sex !Leneth! Number |Specimen of Data Renarks
1* |16Jun 1903 | St. George F ? USNM USNM | True, 1910 Collected by J. Judge,
I sl and, Pribilofs 49726 conpl ete skel etons
2% |16 Jun 19031 - u M ? USNM ' “r. Speci men probably not
49726 preserved
3* |21 Aug 1909 | - " " F ? - - Reported by Maj. Ezra
W darke.
4 Jul 1916 | St. Matthew Is. ? ? ? ? Hanna, 1920 Periotic bone only
was preserved
o 194 8| Unalaska | sl and ? ? USNM UsSM{ | Scheffer, 1949 Skull only recovered
276366
6 1956| Dry Bay ? ? USNM File # STR02449 Reported by Peter Tack
™ 115 Aug 1977| Dutch Harbor F ? usmt File # SEAN2329
8% |24 Apr 1978| sitkadilik Island| M ? USNM Fi | e # STR02369 Reported by G Sanger
9* 115 Nov 1978| Cataract Cove, ? ? NMML 9 [ NMML . Rugh, pars. comm.
Unimak | sl and
10 14 Jul 1979 Niziki | sl and, ? ? UsFws Adak
Semichi | sl ands
11 25 Jul 1979 Buldir | sl and, M ? usi Fi | e #STRO2387
Al eutians
12 7 Sep 1979 | Bering Sea ? ? NWL 10 NMML | Joe Minson, pers. comm.|Skull recovered in
55°02°'N, traw net
167°46'W
13 ? Jul 1983 Egegik Lagoon, ? ? - Leatherwood, pers. Identified from draw ngs,
Bristol Bay observations descriptions by ADF and G
personnel, King Salmon
and Dillingham. Speci nen

not seen

* a Occurrence within or near study area, plotted on Fig. 47.

USNM =

U S.

Nat i onal

NMML = National Marine Mammal Laboratory, Seattle, WA.
UsFws = U.S. Fish and Wldlife Service

Museum, Smithsonian Institute, Washington, D.C.
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wat er 360 fathons (658.8 m deep, but were along the steep shelf where

depths drop to over 1000 fathoms (1830 m) w thin about 2nm (3.7 km).

Cuvier's Beaked Whale (Ziphius cavirostris)

Cuvier's beaked whale, the nmost nearly cosnopolitan of the beaked
whal es, is widely but sparsely distributed throughout the tropical and
tenperate oceans of the world (Norman and Fraser, 1949; Rice, 1977).

It is considered the nmost widely distributed and frequently sighted

beaked whale in Al askan waters (Rice, 1978e), al though know edge of its
distribution is based primarily on stranding records (Mtchell, 1968).

Its known occurrences in the Bering Sea are largely limted to waters

near the Aleutian Islands. The only specinen fromnorth of that area
(USNM 504912) was found stranded on St. Mtthew Island in July 1916

(Table 14). There were no sightings during our surveys. W know of

only one sighting reported fromany other recent surveys. In the North
Aleutian basin report (SAI, 1983, Figure 19.4) there is a synbol at approx.
56°N, 165°W indicating a sighting of a “Goosebeak whale”. The sighting

whal e, Berardius bairdii, Cuvier's beaked whal e, Ziphius cavirostris,

is attributed to Braham (pers. comm.) but is presented with no explanation
or supporting evidence. In the acconmpanying text it is noted “Sightings

of ... goosebeak whales were rare.”* C. TFiscus (cited in Lowmy et al.,
1982b) regarded Cuvier's beaked whales as rare in the Bering Sea and
more common in the North Pacific Ccean south of the Aleutians.

Al known Al askan strandings of Cuvier's beaked whal es are listed in
Table 14. Those from in or near the present study areas are shown in
Figure 50. Two speci nmens reported by Kenyon (1961) from Amchitka |sl and

had been killed by gunshot wounds. There are no published accounts

328



62¢

speci men records of_ziphius cavirostris from Al aska.

‘I'able 14.
smber Dat e Location | x
1 ? Sep 1904 [Kiska Har bor, ?
2% 2 Jul 1916 [St. Matthew Island | ’
3 Jul 1917 |Yakutat ?
4 ? 1947 [|““Aaska ?
5* June 1947 |samalga | sl and M
6 2 Jun 1956| Middleton | sl and M
7 '6 Mar 1959| Amehitka | sl and F
8 '3 Apr 1959| Amchitka Island M
9 0 Feb 196 2| amchitka | sl and ?
10* |+ Jun 1968 |Akun Island ?
11 1 Feb 1975 | Cape Yakataga M
12 19 Jun 1979 wizki |sland, ?
near i sl ands
13 16 Jun 197H Agatha |sland ?
14 ? Jul 1979 Woded Island, ?
Prince WIliam
Sound

»ecimen | >ecimen
Length | fumbe I [Location Sour ce Remar ks _
? rue, 1910 identified by photos (on file
SNM 142579)
? UsNM . "
504912
? USNM ) ”
219333
? USNM ' -
507319
? USNM ? Scheffer, 1949 | ‘arts of skull
276022
? USNM usM File
304959
657.9 USNM Kenyon, 1961 |leight = 2717 Kg.
288019
543.5 USNM "
288020
? ? ? Mtchell, 1968| Mo teeth only, Rice, unpub.
2 Fiscus, et.
al., 1969
? USNM USNM File
504294
? USNM File#
STR02422
2 USNM File # | Reported by Pete Mickelson
STR02439
? Hall et al. | Specimen not recovered. Reported
1977 by C. S. Harrison.
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15%

16*

17%

18

19

20

21%

22

23
24
25

13 Apr 1977

18 May 1977

3 Jul 1977

? Jul 1978

14 Jul 1979

% Aug 1979

2 Jul 1980

30 Jul 1981

31 Jul 1981
8 Aug 1981
21 Aug 1981

Shumagin | sl ands
itka | sl and
old Bay, Alaska

Peni nsul a

Jape Yakataga,
aulf of Al aska

Mziki | sl and,
Near islands

Amchitka | sl and

Cape Kremitzin,
Alaska Peninsul a

Adak | sl and

Adak Island
Adak sl and
Adak 1sland

116° USNM
104732

USNM
504939

us M
504940

22’ USNM

* = Qccurrence within or near study area, plotted on Fig. 50

USNM = U S. Nationa

Tabl e 14 (continued).

Museum, Smithsonian

—— e e e

USNM

.zembek
e f uge
ind USNM

institute, Washington, D.C.

USNM File
#STRO2084A

USNM Fi | e
#SEAN 2274

USNM Fil e
usm File #
SEAN 4402

usMM file

J. Sarvis, pers
0MMe

USFWS Adak,
iles. F.

Zeilemaker,
rers. comm.

pecimen apparently not recorded

ollected by J. Sarvis

wo teeth recovered and given to
zenbek Refuge, skull to usm

wo | ndividuals

wo individuals

Speci men records of__ziphius cavirostris from Al aska.
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of aboriginal hunting, incidental capture, or fishery interactions involving

this species in Al aska.

Stejneger's Beaked Wal e (Mesoplodon stejnegeri)

Stejneger’'s beaked whale (also called the Bering Sea beaked whale
by some authors) is the only representative of the genus Mesoplodon that
has been positively identified from Al askan waters. Like other mesoplodonts,
it is difficult to detect and identify at sea. Skull examination is
of ten necessary for positive identification of specimens, although adult
males may be identifiable to species based on the position and other
characteristics of the erupted teeth. Living Stejneger's beaked whales
have rarely been sighted, identified and reported alive, and they are
known al nost excl usively from strandi ngs (Loughlin, Fiscus, Johnson and
Rugh, 1982b; Lowy et al., 1982b; Leatherwood et al., 1982¢). We can
account for at least 25 strandings of 31 individuals in Alaska from 1927
through 1981 (Table 15, Figure 51). O those, 9 strandings involving 14
animal s have been discovered at Adak Island (F. Zeillemaker, pars. comm.,
1982). Al reported strandings have been discovered between April and
November.

Laughlin et al. (1982) report seeing 7 groups containing a maximm
total of 52 aninals near the Andreanof Islands, in the central Al eutians,
in the summer of 1979. Like specimen recoveries, sightings have occurred
in other than winter nonths, though this can be as easily attributed to

patterns of effort as to seasonal patterns of distribution.

During the present surveys, we nade five sightings of beaked whal es.
One was a Baird's beaked whale; none were Cuvier's beaked whal es. Therefore,

the 4 groups not attributable to either of the readily identifiable species
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Tabl e 15. Specinmen records of Mesoplodon_stejnegeri_from Al aska.
‘pecimer | jpecimen Sour ce
{umber Dat e Locati on Sex | .ength | Nunber | ocatfon of Data Remar ks
(cm)
1 15 Aug.192 | Egg Is., Prince M ? USNM usny | Or, 1953; Moore 1963 andible of imm. nal es.
W1 liam Sound 252497
2 ? ? 1938 | I1ak Island ? ? usne file # STRO 2433 resumably thi s species,
hotos on file, USNM.
3 12 Nov.194 | Amchitka | sl and ? ? ? ? Scheffer, 1949 soth only saved by
. C. Hanson
4* |7 sep.1951 | St. Paul Island, ? 442 USNM USNM Jellison, 1953 kull without mandi bl es
Pribilofs 286826 nd some ot her bones
reserved, photos Of
arcass in Jellison, 1953,
5% |3efore 195 | Nushagak Penins. M ? UA4T78 ? More, 1963 kull Wi thout O andible
6* |11 May 196! | Kasilof Ri ver F ? AMNH ? Moore, 1963 keleton.
Kenai, Peninsul a 185311
7 20 May 196/ | W of Cape M 360- | NMML 1 | NMML T. Loughlin, orrect | ocation of
Edgecumbe 470 pers. comm. loating carcass
fscus, et al., 1969
7°04'N, 13632*w
T. Laughlin, pars. comm),
8 No date “Aleutian waters" M ? ? ? UsW File #sTRO 1287 ooth only
9 ? Jul, 197: | Adak |sland ? ? uUsWM Fil e #sTrRo 2474 eported by E. D. Ash
10 17 Jul.197' | Adak Island M,M | 455,46C| USNM USNM File hree individuals
F 490, i 04329-
30-31
1 14 Apr.197¢| Adak Island F? ? USNM usm File “vo i ndividual s
104345-¢
12 15 Apr.197¢| Adak Island F A usB File robably same two as above
Sean 1086




vee

13 May 1977

14% 9 Jun.197i
15* | 3 Sep.197

16% 3 Nov.197

17* | .3 Nov.197
18 | May 1979
19 9 Jun. 197
20 | Jul, 197
21 28 Jul.198
22% | 30 Oct.198

23 16 Jul.19¢

24 18 Jul.19¢

25 4 Aug.1981

Adak |sland

Mof fett Poi nt
AK Peni nsul a

Sand Poi nt,
Shunagin Island

Honmer Spit,
Kenai Peni nsul a
Newran | sl and,

AK, Peninsul a

Adak |sland

Tanaga |sland

Amchitka | sl and

Adak 1sland

Kenai Rur,
Kenai Peninsul a

Adak |Island
Adak 1sland

tdak | sl and

M,M

M,M

?

499

525

525

530

468

505

389

500
est

?

USNM
104731

?

USNM
504865

USNM
504905

NV BDM
618, 619

USNM
504882

USNM
550013

?

* = occurrence within or near study area, plotted on Fig. 51.
Museum Smithsonian.

USNM = U.S. National

NMML = Nati onal

Marine Mammal

SEAN = Scientific Event Alert Network
USFWS = United States Fish and W I dl i f e

Tabl e 15 (continued).

Laborat ory,

Seattl e,

Servi ce

VA,

USNM

Pratt
Honer

USSR

USNM

NMMVL

USNM

USNM

Pratt
Museum
Honer

18FWs Adak,
F. Zeillemaker.
pers. comm.

usMM Fil e
USN\M File #
SEAN 2384

Rearden, cd., 1981

USNM File

USNM Fi l e
Loughlin, et al. 1982
USNM File

USNM File

Rear den,

cd., 1981

FWS Adak, pers.

comme

Reported by F. Fay. Entire
skeleton in USNM

Reported by A Wolman

Photos also in Mead, et
al., 1982, Fig. 1, P.3.,
and Reardon, cd., 1981.

Reported by J. Sarvis,
skull and stomach in USNM

Col I ector unknown
Two individuals
Reported by T. J. Early

Three individuals

S33 USNM File # SEAN 6497

specimen recorde of__Mesoplodon_steinegeri from Al aska.
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were probably nmesopl odonts which, because of their locations, we regard as
Stejneger's beaked whal es:
1) 30 March 1982 - During a connecting leg in block 4, zone 2, 2 whales
were seen, apparently feeding, in the wake of a Japanese traw er at
56°59.5'N, 169°04'W, between St. Paul and St. George islands, Pribilofs.
The aninals were traveling slowy west remaining in the boil behind the
vessel . Water depth at the location was about 100 fathons (183 m).
2) 5 August 1982 - While returning to Kodiak from surveys in block 7,
we encountered two unidentified medium-sized cetaceans in a protected
bay at ca. 57°48.9°N, 153°21.1'W. After discussions, observers onboard
agreed the animals were nost probably beaked whales. The animals were
in close proximty to an adult fin whale and its associated calf, but
while the fin whales were nmoving into the bay the beaked whales were
swi mmi ng northwestward, out of the bay. Water depth at the sighting
| ocation was about 60fathoms (109.8 n).
3) 10 Septenber 1982 - During a transit, 3 whales were seen near 2fin
whal es and 2 hunpback whal es along a tidal rip east of Mirnmot Island, at
58°27.1'N, 151°52.0'W. Leatherwood identified themas beaked whales.
One of the whales surfaced at a steep angle, briefly exposing the beak
and part of the head. After 2-3 blows by each whale the group sounded.
Water depth at the location was about 100 fathoms (182 m).
4) 16 January 1983 - Ona transect in block 4, zone 2, we sighted 3 whales
traveling on a heading of 280° in 1100 fathons of water at 55°59.9'N,
169°29,0'W,

From the frequency of reported strandings and sightings during
this and other investigations, Stejneger's beaked whal es appear to be far
fromrare, at least seasonally, in and near both study areas. Their
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presence in protected inshore and shallow areas was surprising, as mesoplodonts
are generally regarded as pelagic creatures. The only other point of

interest raised by the data assenbled here is that in one instance

the whal es were apparently feeding in association with a trawmer. Such

an association raises the possibility that the Stejneger's beaked whal es

may becone entangled in gear, as do some other species so associ ated,

and die incidental to fishing operations.

Killer Wiale (Ocinus orca)

Killer whales have been observed in all areas and oceans. The
preval ent understanding of their distribution, often recounted, is that
while they may be encountered virtually anywhere in marine waters worldw de,
they are nost abundant in colder waters of both hemi spheres, with centers
of greatest abundance wi thin about 800 km of continents (Mtchell, cd.,
1975b). In sone areas they appear to be migratory, while in others they
are apparently present year-round. The patterns of distribution and
moverment worl dwi de have been reviewed recently (Leatherwood and Dahlheim,
1978; Dahlheim, 1981; Perrin, ed. 1982:617-619). But for nost regions,
such as southern Al aska, the Bering Sea and arctic Al aska, there are few

publ i shed details on distribution, abundance, seasonal novenent patterns,

and habitat use.

Killer whales are known to occur in inland marine waters of southeast
Al aska, Prince WIliam Sound, and Cook Inlet (Braham and Dahlheim, 1982;
Hall, 1981; Leatherwood et al. , in press) and in northern waters of the

Gulf of Al aska (Scammon, 1874; Ohsumi, Masaki and \Wada; 1976), particularly

over the continental slope and shelf (Fiscus et al., 1976; Braham and
Dahlheim, 1982). There are notable concentrations in Prince WIlliam

Sound and around Kodiak Island - in both the Cook Inlet and Kodi ak Island
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proposed | ease areas {Braham and Dahlheim, 1982: Figure 1; Hall, 1981;
present investigations - see below). @ulf of A aska popul ations are
concentrated in sunmmer in response to salnon mgrations. At that season,
popul ations in southeast Alaska, Prince WIlliam Sound, and Shelikof Strait
have each been estimated to contain well over 100 animals (Hall, 1981;
Matkin and Leatherwood, in press; Leatherwood et al., in press). A few
fromthis last population were killed by shore whalers from Port Hobron,
Al aska, between 1926 and 1942 (Leat herwood, unpubl. data). Killer whales
occur both north and south of the Aleutians, particularly the eastern

i sl ands (Kawamura, 1975, Murie, 1959; Braham et al., 1977). Marakov
(1967) noted they were the nmost numerous cetaceans in the Commander

I sl ands, occurring there from March to Cctober sinultaneous with approaches
of cod and lingcod to the coasts.

North of the Aleutian Islands, killer whales are found widely distributed
in the Bering Sea (Tomilin, 1967; Leatherwood and Dahlheim, 1978; Braham
and Dahlheim, 1982), north to Diomede |slands (Ivashin and Votrogov,

1982; Nikulin, 1946) into the western Chukchi Sea (Sleptsov, 136la) and
the eastern Chukchi Sea at l|east as far as Point Barrow and presunably

to the ice edge (Scammon, 1874; Bailey and Hendee, 1926; Cook, 1926; Bee
and Hal | 1956). Leatherwood saw killer whales in 80%floes in the eastern
Chukchi Sea in spring and fall 1978, Lowy and Frost (pers. comm.,1983)
provi ded us photos fromthe western Bering Sea in 1979 of a pod al ong

the pack ice-edge, and on the present surveys we encountered 10 Killer
whal es in 40% coverage of broken ice floes 1 April 1982 at 57°54.8'N;
165°34.7'W, in block 1. L. Lowy (pers. comm., 1 March 1984) provided

the following killer whale records: I male in 7/16 ice at 57°09.4'N,

172°08.1'W on 17 April 1976; a fenmle and small calf in 3/30 ice at 55°33'N,
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166°41'W on 21 March 1976; two animals in 4/22 ice at 60°30.5'N, 174°21,9'W
on 24 May 1977; a group consisting of at least 3 large males and 6-8
medium-sized animals at 60°25,9'N, 168°56.3'W on 29 May 1977; and 12 animals
including one large male and about 3 calves, at 58°27.9'N, 169°29.1'W on

26 March 1977. At least in sumer, killer whales may continue eastward
into the Beaufort Sea (Richardson, cd., 1981). On the Soviet side of

the Bering Sea killer whales were taken by whal ers between 1934 and 1942
but ‘*formed only about 0.5% of the takes by the Aleut™” (Vadivasov, 1947,

as cited in Tomilin, 1967). A few were taken within ca. 100 nm (185.2 km
of Unimak Pass between 1911 and 1938 by shore whal ers operating from
Akutan (Morgan 1978: p 36. Figure upper right; Leatherwood, unpublished
data). Birkeland (1926: p 22-24) noted that killer whales were found

“in large nunbers anong the Aleutians, but whalers “have for the nost
part ignored it.”

Specifically within our Bering Sea study area, published data indicate
wide distribution but relatively |ow densities shoreward of the 200 m
contour, but higher densities in Unimak Pass, around Unalaska |sland
and along the 200 m contour northwestward to 60"N (bl ocks 5, 4 and 3).
Greatest concentrations were plotted along the shelf southeast of the
Pribilofs in bl ock 4 (Braham and Dahlheim 1982: Figure |)-. Except for
Unimak Pass there are few records in our areas 1, 2 and 6. These sane
patterns are shown in the Navarin Basin report (SAI; 1981: Figure 9.2), St.
Ceorge Basin Synthesis Report (Braham et al., 1982; Braham and Rugh, in
preparation; unnunmbered figure), and North Aleutian Basin Lease Report
(SAI,1983: Figure 19.4). Simlarities presumably result because the
basic data for all these accounts was MMFS/POP sightings. Data in Lowy et

al. (1982a) and Braham and Dahlheim (1982) indicate intrusions of Kkiller
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whales in to the eastern Bering Sea and Bristol Bay are npbst common in
summer, presumably associated with migration of salnon and belugas. |f
true, these above described patterns support the conclusion of Braham et
al. (1982)that some killer whales are present in the Bering Sea at al
times of the year and that all the proposed lease sale areas within the
present study area are inportant to the species.

During the 8 aerial surveys, we encountered 36 groups (236 individuals)
of killer whales, 31(165) in or just adjacent to blocks 1-6, 4(67) in
Shelikof Strait, and 1(4) on the southern tip of Kodiak Island (Figures
52 and 53; Tables 7 and 9). Two additional sightings (6 whales) were made
west of 174°W on a transit along the Aleutians on 13 My 1982. The
distribution of those sightings by season is shown in Figure 54a-d. In
bl ocks 1-6 killer whal es were encountered on all surveys except in February;
nunbers appeared to peak in spring and decline slightly thereafter (Figure
55). In block 7 there were sightings fromaircraft only during the
sunmer (July) survey (Figure 56),though we saw aninals from shore at
other seasons and learned frominterviews with fishernmen that the whal es
were present around the island year-round (see Leatherwood et al., in
press). The low sighting frequency in block 7 likely relates to the |ow
coverage in the Strait (1 day per survey, across the depth gradient) and the
seasonal concentrations of killer whales in convoluted enbaynments not
surveyed because the steep cliffs along their shore made flying unsafe.

Most whal es seen (28 of 35 for which behavior was recorded) were
traveling. The only certain feeding was by a large group (65) seen
feeding on salnon in the shallows of Viekoda Bay, Kodiak Island, in
surmer 1982. In other instances groups were mlling and probably feeding;

they were fluking and diving out of sight, but no prey were seen
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The whales were generally distributed along the continental slope
(Figure 57), but nmany were found on the shelf and in shallow bays in
sumer in Shelikof Strait. The distribution relative to depth appears
to be different fromthat shown by Braham and Dahlheim (1982) who reported
the mpjority of the animals as occurring along or shoreward of the 200 m (100

fathom) contour. They suspected such distribution was related to effort,

the mpjority of the reported sightings having derived from Pel agi ¢ Fur
Seal Investigations which concentrated along the shelf edge. The present
figures, corrected for effort, suggest killer whales in studied areas of
Al aska use continental shelf, continental slope, and pelagic waters
equal | y.

Killer whale calves-of-the-year, so defined because of behavior
and size relative to closely accompanying adults, were seen during

surveys 1, 2 and 5, as follows (see Figure 52):

No. No. Water :
Date Survey Location Bl ock i ndi vi dual s calves depth (fm)
23 Mar 1982 1 52°24,5'N,173°23.5'W 5 17 . 3 Not noted
19 Mar 1982 1 52°26.,3'N,171°58.2'W N/A 10 1 200
14 May 1982 2 52°54. 3N, 172038. 4" W 5 8 2 1155
26 Sept 1982 5 55°44,9'N,162°20.7'W N A 6 1 17
26 Sept 1982 5 55°42. 5 N, 162017. 2’ W NA 15 1‘ 12

Risso's dol phin (G anpus griseus)

We did not expect to encounter this tropical to tenmperate "dolphin”
species in either of our study areas. In a review of all Northeast
Pacific distribution records available through 1978, Leatherwood et al.
(1980) could only docunent its occurrence as far north and west as S50°N,

145°W. They rejected as unsubstantiated reports by Collins et al.
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(1945), resulting from no original field research or direct observations,
that |listed Risso's dol phins as occurring around the Aleutian Islands
and in the Bering Sea. Tomilin (1967) regarded simlar reports by Sleptsov
(1952) as unsubstantiated.

Braham (1982) added five records unknown to authors of the former
review, two of which are north of 50°N: 2 individuals at 12 March 1976
at 55°44,9'N, 145°56'W and 14 individuals on 27 March 1978 at 54°11'N,
133°01'W (the latter published by Reimchen, 1980). Neither sighting
alters significantly the conclusions of Leatherwood et al. (1980) that
Risso's dol phins are, at present, known only from nid-tenperate waters
sout hwar d. Therefore, we are puzzled somewhat in the North Aleutian Lease
Report (SAl 1983: Figure 19.4) by a synbol at 56°N, 168°W representing
a supposed sighting (attributed to Braham, pers. comm.) of a “whitehead
granpus’” and acconpani ed by the text note that “sightings of grampus...were
rare. " As the genus and species for "whitehead granpus” are not reported,

we can only assune the symbol and account refer to G anpus griseus.

The symbol is not coded to nonth, and no other details of the record are

presented. Thus, we cannot assess its validity.

Pi | ot Whale, Globicephala sp.

We are aware of two or nore specinen records of pilot whales from waters
off western mainland Al aska. There is a specimen (No. 00218768) in the
U S. National Museum collected on St. CGeorge Island, Pribilofs, by G D.
Henna in November 1917. In the American Museum of Natural History (AMNH)
files there are specinens and records of pilot whales collected by personnel
from Frick Laboratory at unspecified dates in 1955, 1956 and 1958 at El ephant
Poi nt, Eschscholtz Bay, Chukchi Sea, as follows: AM181367, | eft ramus, no
teeth, 1955; AM181369, field nunber A-714-2299, right ramus, no teeth,
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1955; AM181370, field number A-714-2300, right partial ramus, no teeth,
1956; and AM181368, field number A-714-2298, right ramus, no teeth,
1958. W have not exam ned any of the above; so, we cannot verify identity
or, in the case of AMNH records, ascertain duplicate entries.
There are, to our knw edge, no published records of live pilot
whal es north of the Aleutians. Mirie (1959) found no evidence of their
presence in the Aleutians. Pilot whales are not included in summaries
of species seen in western Al askan waters during over 20 years of Platforns
of Opportunity Program records (Braham and Rugh, in prep.). Science
Applications, Inc. has included plots of three sightings of “"shortfin
pilot whal e(s)” in their summary of toothed whales occurring in the
North Aleutian Basin (SAI, 1983: Figure 19.4). They are shown
as synbol s at approx. 57°30'N, 161°20'W, 57°30'N, 161°00'W, “and 57°15'N,
159°20'w, al| between the 10 and 50m contours. The paper presents no
di scussion; so, we are unable to evaluate these records. There is one
additional sighting (at 54°-48'N, 167°=32'W) | ogged in the PROBES "records
as “probable pilot whales.” As these 4 records would represent a range
extension for the species, we urge that they be published in their entirety
so they can be properly assessed. Until then, we regard them as spurious.
There were no sightings of pilot whales during the present investigations.
Their occurrence in Shelikof Strait would be somewhat |ess surprising
than in the Bering Sea, as pilot whales are reported to be "presemt, but
not at all common, in the Gulf of Alaska. ..their novenents north of
about latitude 40°N are presumably related to incursions of warmwater, the

extent and timing of which mayvary fromyear to year (Leatherwood et
al., 1982a). Fiscus et al. (1976) did not include pilot whales among the

species they encountered or expected to see in the Gulf of Al aska.
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Pacific white-sided dol phin (Lagenorhynchus obliquidens)

The patterns of distribution, movements, and abundance of Pacific
whi t e-si ded dol phins in the Northeast Pacific, inferred fromall records
- published and unpublished - available through 1979, were reviewed
by Leatherwood et al. (1983b). In both reports it was concluded that
east of 180°W these gregarious dolphins occur from about 20"N to 61°N
(the latter based on a stranding near Valdez, Al aska - Scheffer, 1950),
in pelagic waters, over the continental slope and shelf, and in sone
inland marine waters of Washington, British Colunbia, and southeast
Al aska. They appear to be continuously distributed across the tenperate
North Pacific.

In waters near the present study areas their presence has been
verified across the Gulf of Al aska and the North Pacific at |least as far
as Amchitka Island, in the Al eutians (Scheffer and Shi pp, 1948; Cowan
and Guiguet, 1956; Tomilin, 1967.; Consiglieri and Braham, 1982). Apparently,
they venture into more northern portions of this range only in warnmer
wat er seasons-spring through fall (Leatherwood and Wl ker, 1982; Consiglieri
and Braham, 1982; Leatherwood et al., 1983b). During those seasons
they might reasonably be expected to occur, at |east occasionally, in or
near the Shelikof Strait study area. However, we did not see any during
aerialsurveys there, nor were we able to confirm any records through
interviews with know edgeable |ocal residents. They are known from
around the shores of the @ulf of Al aska to southeastern Kenmai Peninsul a
and waters about 60 nm (111 km) east of Afognak |sland, July through
Cct ober (Leat herwood and Wl ker, 1982) and 120 nm (222 km) east of Afognak
in Novenber (Fiscus et al., 1976). They do not regularly penetrate

Prince WIlliam Sound (Hall, 1981).
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Paci fic white-sided dol phins have not been reported reliably as
occurring in the Bering Sea even during the warner water season (Tomilin,
1967; N shiwaki, 1967; Consiglieri and Braham, 1982; Leatherwood and
Wal ker, 1982; Leatherwood et al., 1983b), W did not see themon the
present aerial surveys nor did we obtain any information suggesting they
were seen in our Bering Sea study area. There are 9 sightings of “Pacific
whi t e-si ded dol phin” plotted in the North Al eutian Basin |ease area
synthesis report (SAI, 1983 in press: Figure 19.4). The sightings, which
reportedly occurred from 1957 to mid-1980, were attributed to Braham,
pers, comm. W are unable to account for such records as they were not
a Part of summaries of data from the National Mrine Mammallaboratory,

Pl atforns of Opportunity Program summarized through 1979 provided to us
(L. Jones, March 1980, pers. comm.) and considered in preparation of
Leat herwood and Wl ker (1982) and Leatherwood et al. (1983b), nor

were they included in other summaries of the NMFS data bases published
or in preparation (Consiglieri and Braham, 1982; Rugh and Braham, in

prep. - as cited in Braham et al., 1983) and provided to Leatherwood for

review for preparation of this report. There are no details given in

the SAl summary, and the substantial range extention represented by these

si ghtings cannot be accepted until the docunentary evidence is presented.

Nort hern Ri ght Whal e Dol phin (Lissodelphis borealis)

The northern right whale dol phin is sympatric with the Pacific
whi t e-si ded dol phin, probably occurring continuously across the tenperate
North Pacific but avoiding colder northern waters. |t has not been

reported in or near the Shelikof Strait study area (Leatherwood and
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Val ker, 1979) or in the Bering Sea {(Nishiwaki, 1967; Tomilin, 1967), and

it was not sighted in either area during the present surveys.

Dall's Porpoi se (Phocoenoides dalli)

This North Pacific endemic is the nost frequently encountered and
probably nost abundant small| cetacean in the northern North Pacific Ccean.
It is distributed widely in cool tenperate to subpolar waters from the
latitudes of central Baja California on the east and southern Japan on
the west north to the central Bering Sea, including the Gulf of Al aska,
inland marine waters of Washington, British Colunbia and Al aska, the eastern
Sea of Japan and the Sea of Okhotsk (Leatherwood et al., 1982a; Nishiwaki,
1967). There are reports of its occurrence through Bering Strait into
the southern Chukchi Sea (Braham et al., 1983). Bouchet et al. (1983), using
data from various sources, principally fishing and research efforts
associ ated with Japanese high-seas gill net fisheries for salnon, estinated
the current population as from 790,000 to 1.73 million animals, depending
on the statistical approach applied to the data. A conservative mininum
estimate which accounts for biases in the data was 580,000 (NMML, 1981).

Formerly, two species of Phocoenoides were recogni zed, based prinmarily
on color pattern differences: Dan’'s porpoise, Palli (True) and True's

porpoi se, P.truei (Andrews). The differences between them were subsequently

deened inadequate to warrant separate specific status (Houek, 1976) and
the two coloration types, which have slightly overlapping geographical
ranges, are now consi dered subspecies (see Mrejohn, 1978). Little is
known about the rare all-black and all-pale color variants which occur
(Nishiwaki, 1967; Morejohn, 1978; Hall, 1981).

Kasuya (1978) suggested 3 stocks in the western North Pacific Ccean:
1) off the Pacific coast of Japan, consisting nostly of the True's type
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but including sone Dan's type; 2) offshore in the North Pacific and
Bering Sea, consisting exclusively of Dan’s type - this stock may overlap
with the above stock; and 3) the Okhotsk Sea and the Sea of Japan, conposed
only of the Dan's type.

The only direct conmercial harvest of Dan's porpoise is a traditional
coastal harpoon fishery in Japan, with annual |andings of about 6,000
animals, predomnantly of the True's type (Mtchell, 1975a; Kasuya,

1978).

Dan's porpoises are incidentally killed in the Japanese high-seas
and | and-based driftnet salnon fishery, which has operated in the North
Pacific and Bering Sea since 1952 (Ohsumi, 1975b; Fredin, Major, Bakkala
and Tanonaka, 1977). Accurate data on nortality are unavailable, and
estimates vary widely within and among years. At the highest |evels of
fishing effort to date (369 catcher boats), 2,230 to 20,000 porpoise
reportedly have been entangled and drowned annually (NMML, 1981). Currently,
173 boats conprise the nothership fleet. The U S has issued permits
allowing for the take of 5,000 porpoise annually within U S. territorial
waters. Cooperative U S. -Japanese research begun in 1981 is expected to
provide nore accurate data on nortality in the nothership fishery (Perrin,
cd., 1983). Data on the incidental take in the |and-based fishery, and
the recently expanded Japanese high-seas driftnet fishery for squid
(Court, 1980; 1981), are not yet available. Such data would undoubtedly
increase estimtes of nmortality.

There are few existing records of Dan's porpoi ses being caught in
domestic (U.S.) fisheries (MML, 1981), though increased uses by U S
fishermen of various forms of gill nets along the Pacific coast of North
Anerica have increased takes of at |east coastal species (M Wbber and

|. Scipaniak, pers. comm., 1983).
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Dall's porpoises feed primarily on small fishes (various species)
and cephal opods. Information on stomach contents, norphol ogy, reproductive
bi ol ogy, and behavior was summarized by Morejohn (1978), the NWM. (1981)
and Lowy et al. (1982b): A vast quantity of biological samples is
currently stored at the National Mrine Manmal Laboratory in Seattle.

When anal yzed, this material should dramatically increase know edge of
the biology of this species. Because results of that programare forthcom ng
we treat results of the present surveys in only a cursory way.

Overall, we | ogged 111 sightings, accounting for 330 aninals (see
Tables 7 and 9 and Figures 58 and 59). O these, 79 sightings (216 individuals)
were seen on-transect, 34 sightings (109 animals) off-transect.

In blocks 1-6, there were 66 sightings involving 166 individuals
(Table 7), 45(107) on-transect and 21(59) off-transect. In block 7
there were 45 sightings (164 animals) (Table 9). There were 34(109)
on-transect, and 11(55) off-transect. During transits to or fromthe
study areas we logged 3 additional sightings for a total of 18 animals.

The distribution of encounters by seasons is shown in Figure 60
Wthin the eastern Bering Sea Dan's porpoi ses appear nost restricted
inrange in spring and nost widely distributed in sumer, but they are
present to near 59”N and well over the shelf in Bristol Bay in fall and
winter, as well. They are present at all seasons in bloeck 7. Fromthe
data, no clear trends In relative abundance by survey are apparent, though
there are sizable peaks in early winter in blocks 1-6 and in spring in
block 7 (Figures 6land 62, respectively)

Sightings with appropriate data were used to calculate density
estimates for blocks 1, 2,3and 6 conbined, 4 and 5 conbined and 7 al one

(Table 10). The distribution of sighting distances, the fitted generalized
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exponential nodel, and the distribution of herd sizes used to support

those estimtes are shown in Figure 63. For the shallower regions in the

northern and eastern portions of the Bering Sea study area Dall’s porpoises

were estimated to occur in densities of 7.912 + 1.951 individuals/1000nm2

(3,430 knR); for nore pelagic blocks (4 and 5) the estinates were 97.2

+ 49.5 individuals /1000nm? (3,430 kmz); hi ghest densities were those

in Shelikof Strait, where there were an estimated 181.4 + 93.76 individuals/1000nm:
Data on distribution by depth are shown in Figure 64. These data

tend to support the conclusions of Braham et al. (1983) who suggest

(based on 23 years of opportunistic sightings data) that Dall's porpoises

are nost abundant in-deep pel agic water and in'areas along the continental

shelf break. Qur data are particularly conclusive in this regard, given

the high densities derived froma relatively small anount of effort in

areas characterized by consistently poor conditions for observation.

Har bor Por poi se (Phocoena phocoena)

The harbor porpoise is the only representative of its genus which occurs
in or near the present study areas. Gaskin (1983) proposed that the harbor
por poi ses inhabiting the Bering Sea and adjacent Arctic waters be considered
provisionally as three subpopul ations: 1) those around the Bering Sea
coast of Alaska, including the islands of the western shelf, the north
coast of Al aska, and the coast of Yukon and Northwest Territories, Canada;

2) those along the Kamchatka coast adjacent to the Bering Sea and the

.continental shelf area north to Wrangel Island and the summer ice limit;
and 3) those along the Aleutian chain to Atka Island. He al so proposed
that those fromthe Gulf of Alaska and eastern North Pacific be treated

as three stocks, the northernmost of which, and the one of nost interest
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to us here, is that occurring in the Qulf of Al aska, Kodiak Island to
Prince of Wales Island. Such putative stock boundaries are based on
strictly geographical considerations. There is no biological evidence
for different stocks in this region.

Har bor porpoi ses occur in both our study areas. They have been
reported fromas far north and east as the MacKenzie River Delta -
68°48'N, 136°35'E - in the southeastern Beaufort Sea (Van Bree et al.
1977), and as far north and west as Wrangel Island - 71°N, 180°W (Gaskin,
1983). During the brief ice-free season they probably occur with regularity
in the coastal Chukechi Sea, at |least as far north as Pt. Barrow (Lowy
et al., 1982b; Bee and Hall, 1956). In and near the Bering Sea study
area they have been reported to occur regularly along the mainland
coast, including the north side of the Alaska Peninsula, Bristol Bay,
the Yukon- Kuskokwi m Deltas and Norton Sound (Lowry et al., 1982a).

Beyond these generalizations, there is little credible detail
published on distribution and seasonality in the area. Leatherwood et al.,

(1983, abstract and attached tables) listed available stranding, collections

and sighting records of the species in Alaska. Braham et al. (1983)
plotted, without differentiation by nmonth, all sightings fromthe NOAA
Platforns of Cpportunity Program (POP), 1958-1981. These sightings
suggest a concentration in the vicinity of Unimak Pass and a sparse
distribution el sewhere over the shallower waters of the southern Bering
Sea continental shelf. There is sone confusion in data from the PCP
program however, as distribution plots prepared fromthe same data base
and presented by Braham and Rugh (in prep.), indicate a pronounced
incursion of the species into coastal Bristol Bay in summer. Further,

in the North Aleutian Basin synthesis report (Braham et al., 1983) there
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is no indication of the presence of this species in the basin, at all.
What ever the shortcom ngs of the published data, they do suggest that
harbor porpoises are at |east seasonally widely distributed in the eastern
Bering Sea and Bristol Bay. Simlarly, harbor porpoises are a conmon
feature of the coastal zone in and near the Shelikof Strait study area
(Fiscus et al., 1976; Brahanet al., 1983; Leatherwood et al., 1983a),
though there is, for this as other areas, |ittle published basis for
defining distribution, seasonal abundance and habitat use.

During the present study, we recorded a total (all flights, all
areas) of 62 sightings of harbor porpoises, accounting for 100 individuals
(Tables 7, 8 and 9, Figure 65). Four sightings (4 individuals) were
made outside the study area on 24 August 1982 north of 62°N. O these,

45 sightings (72 individuals) were made on random transects - 28(38) in the
Bering Sea and 17(34) in Shelikof Strait - and were therefore appropriate
for density estimation (Table 10; Appendix I1). The distribution of
sighting distances for that subsample and the appropriate nodel fit (a
negative exponential) are shown in Figure 66. It should be noted that
harbor porpoises are small and inconspi cuous, especially to an aerial
observer, and that aerial estimates are, therefore, usually low  For
exanple, in these surveys as elsewhere (e.g. Hall, 1981; Kraus, G|bert

and Prescott, in press) nost animals have been detected within 1/8nm

(0.23 km) of the aircraft. Herds we saw contained 1-10 individuals

(s = 1.370, sol(S) = @g.121in blocks 1, 2, 3 and 6 and s = 2.0, Sd (s)

= 0.402 in block 7) (Table 10). Wth these data we were able to conservatively
estimate density for all surveys conbined, in blocks 1, 2, 3 and 6 as a
unit (13.04 ani mals/1000nn2 + 3.735) and in block 7 (74.96 animals/1000nm2

(3,430 km2) + 29.22) (Table 10).
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The distribution of sightings by season is shown in Figure 67. The
cal cul ated indices of abundance (nunber of animals encountered per I|inear
nautical mle) by nonth are shown in Figures 68 and 69 for Bering Sea
(bl ocks 1-6) and Shelikof Strait (block 7), respectively. From both
those presentations there are sone apparent trends, Harbor porpoises
are apparently almost entirely absent fromthe Bering Sea in wnter
increase in numbers there through spring and summer, and decline again
fromfall to winter lows. There were no sightings of harbor porpoises
in or near sea ice at arty season. Wth the spring increase, presumably
related to the retreat of the sea ice, the porpoises also disperse to
utilize large portions of “the eastern Bering Sea continental shelf.

This dispersal may well be related to increased presence and broadening
distribution of cod and herring, apparently the species’ primary food in
the region (Lowy et al., 1982b), At periods of |owest observed density
in the Bering Sea these porpoises are apparently restricted to nearshore
southerly waters.

The pattern in Shelikof Strait differs slightly. There harbor
por poi ses were nore abundant during spring and sunmer surveys. There
were no discernible shifts in distribution patterns anbng seasons.
The apparent confinement to nearshore waters in Shelikof Strait, in
contrast to the broader distribution in the Bering Sea, may be rel ated
to differences in bottom topography of the two areas. Mst of the eastern
Bering Sea is shallow (less than 60 fathons (109.8 m) overall), while in
Sheli kof Strait the relatively narrow and shal | ow coastal shelf gives
way in a short distance to steep cliffs and deeper water.

Har bor porpoi ses are generally found in shallow nearshore waters.

Areas where they extend farther offshore, such as in the Black Sea
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Figure 68. Indices of abundance of harbor porpoise by survey in blocks 1-6.
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(Perrin, cd., 1983), southeast Canada (Gaskin, 1983) and the Bering Sea
(present study), are characterized by broad, shallow shelves. Animals
in the present investigations were seen nostly inside the 100-fathom
(183 m contour (97.5% and largely inside the 70 fathom (128 m) contour
(79%) (Figure 70).

There are few data available on the reproductive biology of harbor
porpoi ses in Pacific/A askan waters. Studies conducted in British
Col unbi a (Flaherty and Stark, 1982) and Sout heast Al aska (Tayl or and
Dawson, 1983) suggested cal ving periods from April through Septenber
and resulted in peak nunbers of cow calf sightings in August. W
saw only 3 calves classified as newborn, all during summer (Figure 67):
» One seen on transect during survey 2 in block 7, zone 4 (at 57°&44,4°'N,
154°50.3'W) on 3 June 1982 (Figure 65a). “The calf was with a single
adult in 130 fathons (238 m) of water. The adult was ‘*mlling” and
presumed to be feeding, as there was a tight swirling ball of unidentified

bait in the proximty. Neither adult nor calf appeared to take alarm at

the overflight of the aircraft.

.One seen fromtransect on survey 3 in block 7, zone 1 (at 58°57.7'N,

153°21.2'W) on 20 July 1982 (Figure 67b)., Adult and calf were mlling
in 25 fathons (46 m of water and dived away pronptly, probably in response

to the plane.

One seen fromtransect on survey 4 in block 6, zone 4 (at 56°27.5'N,

165°47.0'W) on 8 August 1982 (Figure 67b). The calf and accompanyi ng

adult, both nmilling when first seen, “bolted” in response to the shadow

of the plane passing overhead.
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Har bor porpoi ses are small and difficult to detect. It is of interest,
for exanple, that all 3 sightings of calves were in relatively clear
water, when winds were calm (Beaufort 1-4), and involved animals mlling
and producing surface signs indicating their presence. Newborn harbor
porpoi se are larger relative to adult size than calves of nobst other
cetacean species. Their large size at birth and rapid growth rate during
early nonths of |ife compound the difficulty of detecting calves from
aerial surveys.

There are no reported direct fisheries for harbor porpoises in
Al askan waters, but there are occasional takes by natives for “subsistence”.
Sonme are killed annually in nonofilament gill nets for salnon on the
hi gh seas (Jones, 1983) and around the Copper River delta (Matkin and
Fay, 1980). The frequency of previously unreported nortality, the intensive
| evel s of coastal net fisheries in Al aska for salnmon, herring and cod,
and the cl ose association of harbor porpoises with such fishing areas,
if not directly with the fisheries, indicates nortality is much higher
than reports indicated. As such fishing principally occurs during the
sane season when harbor porpoi ses calve, and when they are nost widely

di spersed, the population is likely then at its nost sensitive and vul nerable.

Uni dentified Cetaceans

During the present surveys there were a total of 28 sightings
of unidentified cetaceans (45 individuals), as follows: uni dentified
| arge whal e-13 sightings (15 individuals); nediumsized whales, possibly
i ncl udi ng minke whal es-4 sightings (4 individuals) and an incidenta
sighting on 14 May 1982 for which there was no estimate of nunber recorded,
and dol phins or porpoises-10 sightings (19 individuals) (Figure 71

top, mddle, and bottom respectively). ALl information available on
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t hese observations is summarized in Table 16. The sightings of unidentified
| arge whales were widely distributed in the southern and eastern Bering
Sea, near Adak, and around Kodiak Island. Mst were detected by a distant
bl ow but subnerged prior to overflight and/or could not be relocated
during circling. In 5 sightings, marked with an asterisk on Figure 71
(top), the animals were tentatively identified as gray whales. It was

not possible with the other sightings logged as unidentified |arge whal es
to make even a guess as to the species involved. W are confident,
however, that none was a spermwhale. Al were |logged as probable bal een
whales. No unidentified cetaceans were assigned to species by pro-ration,
for reasons discussed under data anal ysis, above; so, none of these

sightings are reflected in density estimates.

QG her Marine Manmmal s

In addition to the endangered whal es (our target species) and other
cetaceans, we obtained sone information on pinnipeds, sea otters, and pol ar
bears in and near the study areas. These data are summarized bel ow with
coments on the nost inportant findings. In general, however, treatnents
of other-than endangered whal es are cursory. Surveys were not designed
or conducted to focus on pinnipeds, otters, or polar bears. Because of
limtations on the anpbunt of survey and circling tinme available we were
often unable to linger in areas of sightings to ensure accurate identifications
or counts. For some species, such as ringed, largha, and harbor seals

and particularly sea otters, surveys were flown at too high an altitude
to ensure that high proportions of the animals present were detected or
counted. For other species, no attenpt was made to census |and- or

i ce-based popul ations as there simply was not sufficient time to do a

respectable job. Further, some of those popul ations are subjects of
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Table 16. Information available on animals |ogged as unidentified cetaceans.

Initial Swi m Probabl e
G oup Dat e Latitude , Longitude Nunmber  Behavior Direction  Depth  Species

820401 57476 165337 1 2 270 9999 7

820401 57384 165328 1 99 999 9999 7

820511 57160 158486 1 99 999 18 7

821101 58247 162332 1 1 270 15 7

820703 57409 167244 1 1 90 37 7

820918 57220 160296 1 1 300 34 7

820812 58063 157359 1 1 160 1 12

Large 820514 52356 173572 1 1 150 820 14
whal es 820313 56534 154411 1 3 180 21 14
gcodes 820510 57433 154163 1 99 999 96 14
, 12 820602 57428 162274 1 99 999 24 14
and 14) 820317 55579 161317 1 1 999 9999 14
820602 58271 161509 2 99 999 25 14

820720 58453 152406 1 1 300 106 14

820808 55263 165475 2 1 280 63 14

820806 58073 158589 1 1 90 12 14

820808 54007 167144 1 1 90 9999 14

820514 53346 169348 1 99 999 1097 27

Hedi um 821030 54510 167150 1 2 90 186 27
a ized 821026 58246 160151 1 1 90 5 27
whal es 820602 57149 160232 1 2 90 33 27
(code 27) 820523 61572 167518 1 1 999 13 27
Dol phi ns/ 820313 56370 154185 1 2 999 4 32
por poi ses 820313 56431 154421 6 2 999 11 32
(code 32) 821030 55068 167149 2 2 220 86 32
820510 58335 153269 1 1 20 72 32

820510 58301 153289 1 1 999 79 32

820510 58276 153305 2 1 999 79 32

830104 57105 155090 1 1 10 127 32

830104 57225 155499 2 1 100 65 32

820706 57494 169479 1 1 90 38 32

820926 57106 167337 2 5 555 41 32
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other major long-terminvestigations (such as the research prograns on
northern fur seals on the Pribilof Islands and on walruses in Bristol

Bay). The partial data we did obtain are best integrated with nmore conplete
and focused data, to be interpreted by specialists concerned with those

speci es.

Pinnipeds

Steller's sea |ion (Eumetopias jubatus)

Total nunbers of Steller's sea lions seen by |-degree block are
shown in Figure 72. Steller's sea lions were seen along the ice edge
sout hwest of St. Matthew Island (in spring) and near and on the Pribilofs
(in fall and winter). Wth these few northerly exceptions, however,
sightings of the species were concentrated on or near the Al eutians,
the Al aska Peninsula and Kodiak Island at all seasons (Figure 73). Most
i ndi vidual s were seen on or adjacent to rookery or haul-out concentrations.
In block 7 there were enough sightings in water (39 for all surveys
combined) to fit a Fourier series mbdel to the sightings data (Figure
74) and conbine with associated group size distributions (Figure 75) to
produce a density estimate of 2,869 + 1,280 aninals per 1000am2 (3430 kn)
for all surveys conbined (Table 10). However, given the manner in which
the data were collected, the narrow time w ndow invol ved, and the unknown
proportion of the population on land at the time of the surveys, such
estimates should be regarded as little nore than exercises. Overall,
northern fur seals were the second nost frequently encountered and abundant
animal s (behind walruses) in the Bering Sea study area (66 sightings of
a total of 3268 aninals-Table 8) and the nost abundant in Shelikoef Strait
(78 sightings of atetal of 3936 ani mal s-Table 9). Five sightings (21

sea lions) were made west of 174*Walong the Aleutians. In both study
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areas they were nmore frequently encountered in summer than at other

seasons (Figures 76 and 77). Neither the frequency of encounters nor

the nunber of animals seen was surprising, given the known breeding

and summering range of the species (see, for exanple, Schusterman, 1981:124).
Judgi ng by the nunbers we saw and by data previously presented by others

(see Lowry et al., 1982b), the Steller's sea lion is an inportant conponent

of the marine fauna in at |east the coastal portions of both study areas.
Further, apart fromthose aninals associated wth rookery or haul - out

areas there appear, to be conponents of the Steller's sea |ion popul ations

distributed on and seaward of the continental slope (Figure 78).

Northern Fur Seal {Callorhinus ursinus)

Fur seals are common summer residents of the Bering Sea, where they
haul - out each year from May to August (nales) or Cctober (females and pups)
on the Commander (estimated 265,000) and Pribilof (estimated 1,219,000) islands
to pup and breed. The breeding popul ation disperses from the islands
to join the remainder of the population on feeding grounds in the southern
Bering Sea and the northern North Pacific from November through May or June
(Gentry, 1981; Lowy et al., 1982b), We expected to see nunerous fur
seal s near the breeding islands in spring through £fall and at |east some
adult males in the southern Bering Sea in winter. Fur seals were in
fact so nunerous near the Pribilofs and on the well-studied rookeries
that we saw little reason to attenpt haphazard counts while approaching
or leaving our base of operations on St. Paul Island. Such incidental
sightings would have had little significance, given the extent of previous
and ongoi ng investigations.

There were 14 sightings (34 individuals) of fur seals away from the

breeding islands, one in Shelikof Strait and the reminder in the southern
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the Bering Sea (Figures 79 and 80). As they tend to occur in pelagic
zones (see Gentry, 1981: Figure 1, p. 144) (such as our blocks 4 and 5),
where sighting conditions were often poor, the usually solitary (Gentry,
1981:147), dark-colored nales probably were often undetected or were

| ogged as unidentified pinnipeds.

Wl rus (Odobenus rosmarus)

Because we have nore extensive and conplete data on the walrus than
on any other species, we treat it here in somewhat nore detail than we did the
other species of secondary inportance to our study.

The wal rus has a circumpolar distribution. Wthin that broad range,
however, there are six isolated populations: Hudson Bay-Davis Strait;
eastern Geenland; Svalbard and Franz Josef Land; Kara Sea- Novaya Zemlya;
Laptev Sea; and Bering and Chukchi seas (Fay, 1982). The wal ruses occurring
in the last of these regions are considered a distinct subspecies, 0. rosnarus
di ver gens.

VWl ruses rear their pups near shore or on pack-ice during the spring
(Stirling et al., 1983), and they feed mainly in water shallower than
100m (Fay, 1982). Thus Pacific walruses migrate from wintering
areas in the Bering Sea to shoreline sunmering areas in the Bering and
Chukchi seas or ice-edge habitats in the Chukchi Sea. Some aninals
remain in the southeast Bering Sea and Bristol year-round (Fay, 1982;
Lowy et al., 1982b). According to Fay (1982) there are two areas of
concentration during winter and early spring one southwest of St.
Lawence Island and another in Bristol Bay. The exact |ocations depend
on ice conditions. In these seasons, females congregate and nate with
mature males. In April and May, subadults and females with their young

move north through the Bering Strait (Lowy et al., 1982b) in association
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with the retreating ice edge. Adult males segregate on hauling grounds
in Bristol Bay, Bering Strait, and along the southern Chukchi Peninsul a”
(Lowry et al., 1982b) while females give birth and raise pups. Southward
mgration in the fall begins as early as Cctober for aninals in the
Chukchi Sea. Fay and Lowy (1981) reported animals renmaining on Round
I'sland into Novenber.

The walrus’'s diet is conposed of over 60 genera of marine organisns,
but about 80% of stomach contents contain bottomdwelling bivalve molluscs
(Lowy et al., 1982b). Thus walruses feed in productive shallow waters
where nutrient turnover is high.

During our aerial surveys of the Bering Sea wal ruses were the nost
frequently encountered and abundant marine mammal s, accounting for 434
sightings (4,816 animals) (Table 8). No walruses were seen in Shelikof
Strait or anywhere else outside the Bering Sea. The total number of
animal s seen by 1 degree block is shown in Figure 81. Seasonal distribution
is shown in Figure 82. In all seasons, nore walruses were detected in
bl ock 1, which contains optimmw ntering and sumering habitats, than
in other blocks. The relatively |ower nunmber in blocks 2, 3 and 6
reflects constriction of the species’ range in fall through spring and
extensions fromblock 1 north and west in spring and east and south in
fall. The absence of walruses in blocks 4 and 5 probably reflects a conbination
of the absence of seasonal pack-ice, unproductive feeding areas, and
general |y deep water.

In the eastern Bering Sea, walruses use water |ess than 50 fathons (92 m
deep.. The mmjority of sightings occurred on water 21 to 30 fathons (38-35 m
deep (Figure 83). Mst animals which were associated with ice occurred

in 10% to 68% coverage of floe-ice (Figure 84). However, only 36.4%
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(2603) of all walruses seen were haul ed-out. The renami nder were detected

in the water, though often adjacent to |arge haul -out concentrations.
Sightings data fromrandomtransects were adequate for blocks 1, 2,

3 and 6 conmbined to support separate estinmates of density for each of

5 surveys (1, 2, 6, 7 and 8) and for all surveys combi ned (Table 10).

The distribution of sighting distances, the fitted generalized exponenti al

model, and the group size distributions used in these estimtes are shown

in Figures 85 and 86. Estimates for individual surveys ranged from

238.9 + 309.5 (survey 2) to 868 + 616.9 (survey 1) animals per 1000nm2

(3,430 km2). The estimate for all surveys conbined is 471.1 + 175.1

i ndividual s per 1000nm2. |f that estimte is extrapolated to the conbined

area of blocks 1, 2,3 and 6, (179,560nm2)_ (615, 891 kmz), t here woul d

appear to be 84,590 + 31,429 walruses in Bristol Bay and the eastern

Bering Sea. Gven that our studies and the resulting estimate do not

account for the entire Pacific walrus population, this estimte appears

high .  Qher recent estimates, also considered high (cit. L. Lowy”,

pers. commn. 15 March 1984) are 270,000 to 290,000 for 1980 (from surveys

by Johnsen and Burnes) well over 100,000 (Fay, 1982), and 66,548 (Fay

and Lowry, 1981). Despite harvests by the USA and USSR, popul ations

have increased markedly since the 1950's. However, there are no separate

estimates for the eastern Bering Sea.

Har bor Seal (Phoca vitulina)

Harbor seals are common in littoral waters throughout the portions
of Al aska we studied, including Shelikof Strait, southern Bristol Bay and
the Aleutian Islands, and may be found haul ed out on mainland beaches,
islets and islands free fromlarge terrestrial predators (Bigg, 1981:6-7).

Everitt and Braham (1980) identified |arge concentrations at four |ocations
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along the north side of the Al aska Peninsula: Cinder R ver, Port Heiden,
Port Moller and Izembeck Lagoon. Frost et al. (1982) summarized information
for that area and also identified numerous small haulouts in northern
Bristol Bay. They noted harbor seals on Oter Island in the Pribilofs
as well. The population in Bristol Bay and the inmediately adjacent
Bering Sea, along the peninsula, is thought to number 30,000 (NOAA, 1979
as cited Ln Lowy et al., 1982b). That in the Aleutians is thought to
nunber 20, 000- 25,000 (Fiscus, 1981 as cited in Lowy et al., 1982b:177),
There is no separate estimate available for Shelikof Strait, though
harbor seal habitat, distribution and nunbers in the Gulf of Alaska are
described in detail by Calkins et al. (1975).

During the present aerial surveys we saw harbor seals during transects
and transits as follows: 68 groups (535 individuals) in the Bering Sea (Table
8) and 14 groups (308 individuals) in Shelikof Strait (Table 9). W saw an
additional 5 groups of harbor seals (7 aninmals) outside the study area.
Numbers observed by one degree square are shown in Figure 87, the “distribution
by season in Figure 83. In blocks 1-6 harbor seals were npst widely
distributed and abundant in spring and fall (Figure 89) and were concentrated
near shore in eastern Bristol Bay in sumrer. |n Shelikof Strait |arge
nunbers were detected in spring and fall (Figure 90). Harbor sealpups
were seen only during survey 2. There were few winter sightings anywhere.
Harbor seals were generally seen near haulout areas and in shallow water,

t hough sonme animals were encountered in water 50to 60fathons (91
to 110 m) (Figure 91).

Using appropriate sightings in the Bering Sea fromall surveys combi ned

(33) (Figure 92) and fitting a Fourier series model to the sighting distance
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distribution (Figure 93), it was possible to estimte harbor seal density

for blocks 1, 2, 3 and 6 as 23.07 + 13.54 individuals/1000nm2.

Largha Seal (Phoca largha)

Largha seals are the pagophilic counterparts of the harbor seal.
Li ke the harbor seal, they are primarily littoral during summer, But in
fall and winter they migrate to the ice fringe and into recurrent |eads wthin
the ice pack (Fay, 1974). They renain in such areas through spring,
giving birth and nursing their young on floes in the ice front and fringe
(Bigg, 1981).

We saw 64 seals we identified as largha seals (Figure 94): solitary
animals seen during survey 2 in block 6 (1) and block 1 (2) and survey 8
in block 3 (1), and two sightings (totaling 60 individuals) north of our
study area in survey 2. Al animals were associated with ice of 20 to

99% coverage, €ither on the ice or inmmediately adjacent to it (Figure 95).

Ringed Seal s (Phoca hispida)

Ringed seals are widely distributed in seasonally and permanently
i ce-covered waters of the Northern Hem sphere. Portions of the population
foll ow the annual advance and retreat of the ice (Frost and Lowy, 1981lb).
Popov (1976) estimated Bering Sea ringed seals to nunmber 70,000 to 80, 000.
The total population of ringed seals in Al askan waters has been estimated
as at least 1-1.5 mllion (Lowy et al., 1982b). The average densities
in haul-out areas in fast ice in the Beaufort and Chukchi seas ranged
fromo0.4/mm2 to 6.2/om2 (Lowy et al., 1982b). Despite such nunbers
and densities, these small (to 135cm and 49 kg) and usually solitary
seals (Frost and Lowy, 1981b) are difficult to detect fromaircraft,

particularly at the altitudes at which we were operating. Nevertheless,
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we were able to positively identify seals as ringed seals 18 times (Figure

96), 10 in the study area and the renainder north of the study area, at
| ocations indicated in Figure 97. All sightings except one in open

water during survey 5, were associated with 30-90% ice cover.

Ri bbon Seal (Phoca fasciata)

In winter and early spring, ribbon seals concentrate along the ice
edge in the Chukchi, Bering and Okhotsk seas to whelp, nurse their young,
mate, and nolt (Frost and Lowy, 1980; Burns, 198la; Lowy et al., 1982b).
Wthin and near our Bering Sea study area they may be found at such tines
in low densities in Bristol Bay and in higher densities north and west
of the Pribilof Islands, west of St. Mtthew Island, and southwest of
St. Lawence Island. In late spring the seals disperse with break-up
and neeting of the pack-ice. They are presuned to be solitary and pelagic
in summer and autumm but their distribution then is, in fact, all but
unknown (Wilke, 1954; Naito and Konmo, 1979; Burns, 1970, Burns, 1981a).

Burns (198la) sumuarized the few published sumrer sightings from the
central Bering Sea. The few other, nore southerly records, are from Unalaska
Island (Allen, 1880), Cordova, Al aska (Burns, 198la), 51°09.5'N, 172°37.5'E,
in the central North Pacific (Stewart and Everett, 1983), and Mrro Bay,
California (Roest, 1964). Therefore, we did not expect to see ribbon seals
on other than winter or spring surveys (when ice was present) in the
Bering Sea or at all in or near the Shelikof Strait study area.

There were 6 confirmed sightings of ribbon seals, totaling eight
animals (Table 17). Al were nade on 3 March 1983 during survey 8, at
the ice edge between the Pribilofs and St. Matthew Island (Figure 98).

In addition, however, there were three sightings logged in the field as

uni dentified phocids, but with the notation, added |ater, that they were
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probably male ribbon seals. One of those sightings occurred in July
near Bogoslov Island, the other two in August north and west of the Pribilof

Islands. Unfortunately, no other data are available for these last 3

records.

Bearded Seal (Erignathus barbatus)

The bearded seal is a circumpolar boreoarctic species occurring as

two subspecies: E_. barbatus barbatus from the Laptev Sea westward to the

Hudson bay region and E. barbatus nauticus in the remaining region from

the Canadian Arctic westward to the Laptev Sea (King 1964; Burns, 1981).
The Bering Sea popul ation(s) of the latter subspecies is estinmated to
contain 300;000 individuals (Burns, 1981b). Bearded seals dre widely
distributed in seasonal pack ice (Lowmy et al., 1982b). W did not
expect to see themwithin the Bering Sea study area except in spring
and winter when ice was present. This was the case.

We saw 48 groups of bearded seals (60 individuals) (Figure 99),
all during spring (surveys 1 and 2) and winter (surveys 7 and 8) (Figure
100). They were encountered nost frequently during spring (Figure 101),
t he pupping season, which was to be expected as the seals are nmore visible
in pairs or groups. Pups were seen only on survey 1. Aninals were seen
on or immediately adjacent to ice in areas of 90 to 99% coverage, primarily
in water from 10 to 40 fathoms deep (Figure 102). Wth the exception of
animals sighted at the ice edge in proxinmity to con-specifics, bearded
seals were not positively identified in the water.

The distribution of sighting distances was fitted to a Fourier

Series nmodel (Figure 103) and treated with counts of group size (Figure 104)
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to estimate that there were 18.16 + 7.62 bearded seal s per 1000nmZ in

blocks 1, 2,3and 6, all surveys conbined (Table 10).

Northern El ephant Seal (Mirounga angustirostris)

The popul ation of northern el ephant seals has burgeoned follow ng
near-extinction in the late 19th century. COverall the species appears to
be growi ng exponentially, at rates of about 11-15% per annum (Cooper and
Stewart, 1983). At present its breeding range extends from Cedros, San
Benitos, and Cuadal upe islands, off Baja California, north to the Farallon
Islands off San Francisco, California (Antonelis, Leat herwood and 0Odell,
1981; McG nnis and Schusterman 1981; Cooper and Stewart, 1983). Nonbreeding
animals are often seen in waters as far north as Vancouver |sland, Canada
(Scheffer, 1958), and there are three still nore northerly published
records from Al askan waters: the carcass of a subadult on Prince of
Wl es Island (Willett, 1943), and young nal es seen 4 July 1977 and July
1978 on Ugamak Island, in the southern end of Unimak Pass (D. Wthrow,
reported in Consiglieri and Braham 1982:151, Table 5). Further,- 3
singl e specimen Was recovered from Dutch Harbor, Unalaska Island in 1981
(R Nelson, ADF and G pers. comm.). Distribution and habits of this
species away from breeding and hauling areas are poorly known (MG nnis
and Schusterman, 1981), There is no evidence to suggest that at present
either of our study areas is of any inportance to el ephant seals. From
known distribution and dispersal, however, it is reasonable to expect
that those nost likely to occur there would be adult males and one to
three year old animals. It is also reasonable to speculate that if
the popul ation continues to increase as it has in recent years, then
spring, sumer, and autumm sightings in the Gulf of Alaska may become

more common and that more individuals will enter the Bering Sea to feed.
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Uni dentified Plnnipeds

As discussed earlier, many pinnipeds seen fromthe altitude of
the present surveys, particularly those in open water, could not be
identified to species and were logged as “unidentified.” Many of these
probably coul d have been identified if there had been time to divert from
track and/or decrease our altitude to examne aninmals nore closely. However,
as there was linited time to survey large areas for even the principal
target species (the “endangered” whal es) the degree of resolution in the
pinniped data is less than we would have liked. The category “unidentified
pinniped” is unlikely to include many, if any, Steller's sea lionsathey
are large and distinctive; however, it wmgnt include some fur seals and
does include some phocids. The category “unidentified otariid™ consists
of young Steller's sea lions and fur seals.. The category *“unidentified
phocids™ includes harbor, largha, ringed, bearded and possibly ribbon
seal s.

In the Bering Sea there were 190 sightings (326 individuals) in
which the animals were | ogged as unidentified pinnipeds. O those, 3(12)
vere further classified to unidentified otariids (Figure 105) and 97(136)
to unidentified phoeids (Figure 106). The distribution of the latter
is shown by season in Figure 107. Sightings of phocids fromall surveys
conmbi ned were adequate to support an estimate for blocks 1, 2, 3 and 6
conbi ned of 26.62 + 5.955 individuals/1000nm2 (3,430 knR) (see Figures
108 and 109 and Table 10).

In Shelikof Strait we saw 4 groups (4 individuals) of unidentified
pinnipeds, including 3(3) unidentified otariids and 1(1) unidentified

phocid, probably a harbor seal.
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Sea Otter. (Enhydra lutris)

The biology of the sea otter is well described (Xenyon, 1969, 1981).
The species has been regarded to include up to three races, the northernnost
of which, Enhydra_lutris lutris, ranges from Prince WIIliam Sound to the
Al eutian and Commander islands. The range fornerly included the Pribilofs,
as well, and a few otters have been seen there recently (Frost et al., 1982).
At present, these putative races are often regarded asS elinal variants
rather than as races or subspecies (Kenyon, 1981). Sea otters are shall ow water
animals rarely seen in water deeper than 30 fathoms (55 m). They usually
are restricted to kel p beds and other near-shore environnments, though in
the shall ow areas of the eastern Bering Sea and Bristol Bay they may
seasonal |y range farther offshore. Those living north of the Al aska
Peninsula and the Al eutians may be severely affected by the extent of
sea ice and its effects on food availability (Schneider and Fare, 1975).
The Al askan popul ation(s) currently includes an estimted 101,000 to
121,000 individuals (Johnson, 1976), Distribution and novenments within
the Bering Sea study area have been described by Schneider (1981).

Because they are small (less than about 147 cm and 45 kg), sea
otters are often not clearly visible fromsurvey altitudes such as ours.
Further, since they generally occur in the narrow coastal band which
our random transects sanpled only slightly, they were unavail able for
detection and counting during the majority of our survey effort. Therefore,
sightings of sea otters on transects probably greatly underrepresent
the popul ation, though estimtes extrapolated to larger areas based on
t hese observed densities would likely be overestimtes. Conbined with the

nunerous sightings on transits and coastal surveys, however, sightings
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of sea otters during these surveys provide sone useful docunentation of
sea otter distribution and relative abundance by season.

In the Bering Sea study area, sea otters were the third nost abundant
mari ne manmal (Figure 110), accounting for 180 sightings (over 1,256
individuals). Sightings in winter and spring were nearshore, except for
2 large individuals encountered in open water in central Bristol Bay in
May (Figure 111). In summer the otters were nore widely scattered; some
were seen in deep water north of the Aleutians, near the Pribilofs, and
between the Pribilofs and St. Matthew Island. By fall the otters had
returned to the nearshore environment, except for solitary individuals
east of St. Matthew Island, north of. the Pribilofs and between St. Paul
and St. Ceorge islands. This seasonality is reflected in Figure 112, in
whi ch the observed pulses in May through Cctober were significantly
affected by the tendency of the otters to occur nore widely and in | arge
“*rafts” away from the kelp. There was a sufficient nunber of on-transect
sightings (69) to support an estimate, using a generalized exponenti al
model, for blocks 1, 2, 3 and 6, all surveys conbined, of 376.6 + 268.7
individuals/1,000nm? (Table 10, Figure 113a, 1l4a). W consider this
estimate far too high. Nevertheless, it does denonstrate the abundance
of sea otters in the Bering Sea/Bristol Bay region.

In Shelikof Strait we saw 94 groups of sea otters (1739 individuals)
(Figure 110). Most were nearshore but some individuals were encountered in
open water at all seasons (Figure 111). As in the Bering Sea, otters were
seen with far greater frequency in spring through £all than at other
times (Figure 115). The on-transect sightings (55) support an estimate Of
2,064 + 784.6 individuals/1,000am? (Tabl e 10, Figures 113b, and 114b).

We also consider this estimate too high.
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In general, sea otters were in very shallow water |ess than 29
fathons (53 m, though significant nunbers of individuals were found to
depths of 70 fathons (128 m). The three peaks in distribution in water
deeper than 70 fathonms (128 n) (Figure 116) result primarily from several
large rafts seen between 52" and 56°N, above the Al eutian Islands, in
sunmer .

Small pups were only observed during spring along the Aleutians
and in Shelikof Strait but were 1likely nmissed nuch of the tine. Puppi ng
may occur in both study areas at any time of year though nost births are

in spring and summer (Kenyon, 1981).

Pol ar Bear (Ursus maritimus)

During the present surveys there were no sightings of polar bears
within the study areas or on transects or connecting | egs. However,
during a transit flight on 10 February 1983 from None to the outer zone
of block 2we spotted a lone adult bear at 64°00.2'N, 168°42,2'W,

When first seen, it was anbling on the ice with a heading of 060°,
but it was obviously alarnmed by the passage of the aircraft overhead and

bolted briefly.
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Figure 116. Indices of abundance of sea otters by depth class.
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Column

APPENDIX 1

DATA CODING SHEET

Entry Explanation (or Example)

Time (local) 2215.4 (The number following the decimal point
indicates tens of seconds - i.e., .4=40,
.5=50 sec. Round down, eg, 46 SeC.=.5).

Latitude (all “N) 61°14.5”
Longitude (all “W) 171°33.4"

Reason for entry 01 = Start transect
02 = End transect
03 ° Interrupt transect (e.g., over land,
unacceptable environmental conditions)
04 = Break off transect (e.g., to investigate
a sighting)
05 = Back on transect (follows 3 or4)
06 = Sighting made from transect
07 = Sighting made off transect (during
030r 04)
08 = Change in environmental conditions
(weather, visibility, Beaufort, ice,
water temp., etc) taken infield
Start tally) in areas where sightings
End tally ) are too concentrated
to allow logging of each
group individually
11 = Change course - a significant alteration
of course from base transect course.
Repeat when you return to exact course.
Position update
Change in environmental condition added
in laboratory (e.g. depth).
31 = Change indepth class taken accurately
from chart (use 30 for interpolations).

09
10

12
30

Sighting No. Sequential for this flight (001 . . ..n)
Species 01 = Blue Whale

02 = Fin Whale

03 = Sei Whale

04 = Brydes Whale

05 = Minke Whale

06 = Humpback Whale

07 = Unid. Rorqual

08 = Gray Whale

09 = Right Whale

10 = Bowhead Whale

12 = Unidentified Ba een Whale

13 = Sperm wWhale

14 = Unidentified La ge Whale
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Appendix 1 cent’d

Total number

Sighting angle

15 = pygmy Sperm Whale
16 -~ Dwarf Sperm Wnale
Either 15 or 16
Beluga Whale
19 ° Narwhal

= Killer Whale
21 = Pilot Whale
22 ~ False Killer Whale
23 = Risso's Dolphin
24 = Bottlenose Dolphin

25 = Goosebeaked Whale

26 = Unidentified Beaked Whale (describe in
tentative identification In notes)

27 = Unidentified medium sized-whale

28 = Dan Porpoise

29 = Harbor Porpoise

30 = White-sided Dolphin

31 = N. Right Whale Dolphin

32 = Unidentified Dolphin/Porpoise

50 ° Polar Bear

80 = Sea Otters

81 = Unidentified Pinniped

82 = Walrus

83 = Harbor Seal

84 = Larga Seal

85 = Ringed Seal

86 - Bearded Seal

87 = Ribbon Seal

88 = Unidentified Phocid

89 = Fur Seal

90 = Steller's Sea Lion

91 ° Unidentified Otariid .

9999 = No entry; if estimate is a range, list
m*dpoint and state range under remarks. |f
midpoint is not whole number, round down
(e.g.) 15-20 is recorded as 17, with 15-20

in remarks.

(0-90°) As measured (inclinometer) or estimated.
IT estimated note in remarks.

Observer making 01 = Leatherwood 08 ~Yochem
sighting 02 ° Everett 09 = Goodrich

03 ° Carter 10 = T. Leatherwood

04 = Carr 11 = Kent

05 = Sinclair 12 = Cubbage

06 = Derman 13 = Owen

07 = Stewart 14 = Warkocewski

15 = Bowl es
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Appendix | cent’d

Cue

Initial behavior

Response to
aircraft

Swim Direction

No. of pups
or ca Ves

Act ua depth

The cue which originally alerted observer to
presence of the animals.

01 = vVisible blow

02 = Body at surface

03 ° Body of seal(s) on land or ice

04 - Body through water (the submerged body seen
through water)

05 = Splash (whitewater)

06 = Surface disturbance or scar (ripples, footprint)
07 = Mud plume

08 = Breach

09 ° Birds or fish

10 = Other (Describe in remarks)

11 = F1 ukes

12 = Vessel or other human activity
99 - No entry

The behavior in which the animal was engaged at
time of first detection

01 ° Traveling slowly (straight line swim
at speed of < 2 kts)

02 = Traveling quickly (straight line swim at
speed of > 2 kts.

03 = milling (e.g., meandering or circling
with no purpose discernible)

04 = resting (e.g., whale or dolphin in water

making no forward progress, sleeping seal,
rafting otter)
05 ~ Feeding (Clear evidence of feeding)

06 = Mating

07 = Breaching

08 = Spy-hopping (pitch ro” ing)
09 = Tail lobbing

10 = Flipper slapping

99 = Behavior indeterminab e

1 = Yes

2=NO

9 = noentry

The animals” swimming direction at time initially
seen, read directly from Gyro (1-360).

999 = no entry; 555 = milling, no direction
determined .

999 " no entry

in fins, rounded to even number.
9999 “ no entry
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Appendix 1 cent’d

Beaufort No.

Weather

Visibility left

Visibility right

lce Type

No. Sea condition

0 @ assy

I Light ripple

2 -Small wavelets

3 Scattered whitecaps
4 Numerous whitecaps
5 Many whitecaps

6 All white caps

7 Breaking waves

8 High waves, blowing foam

Wind velocity

< 1 knot
1 < 6 knots
4 > 6 knots
7 > 10 knots
11 > 16 knots

17 > 21 knots
22 > 27 knots
28 > 33 knots
34 > 40 knots

Definition of weather within likely survey

strip (several nm of aircraft)

01 = Clear

02 = Partly cloudy
03 = Cloudy

04 = Overcast
05 = Light rain
06 = Heavy rain
07 ~ Patchy fog
08 = Heavy fog
09 = Haze

10 ° Snow

99 = No entry

0 = Unacceptable
01 =<1 but acceptable
02 =1-2

03= 2-3
04 “3-5
05= 5-1o

06 = Unlimited

07 ~ 1-2 but with glare
08 = 2-3 « « "
09 “3-5 « "

(only if glare significantly affects

sightability).
Same as visibility left.

0= Open water, no ice
01 ~ Grease ice
02 ° Sheet ice
03 ° Pancake ice
04 = Broken floes
05 ° Floes/pack ice
06 = Pack ice

07 ~ Shore-fast ice
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Appendix 1 cent’d

Percent cover Percent of sea surface covered by ice
Altitude In feet. 9999 = no entry
Depth class 01 = 0-10 fms

02 ° 11-20

03 = 21-30

04= 31-40

05= 41-50

06 = 51-60

07 ~ 61-70

08 = 71-80

09 = 81-90 fms

10= 91-100

11 "101-200

12 = 201-300

13 = 301-400

14 401-500

15~ 501-1000

16 = > 1000

99 ° no entry

Block - Block of survey area

Zone - Zone oOF survey area

Date - Date data were taken

Linetype - 1 = random transect
Connecting legs:- transect transect,
2 = shore-transect
3 = transits: shore line transits, legs outside
study area, or other lines where airplane was
not flown by survey standards.

Survey Number - Number of survey, 1-8.
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TABLE 11Al. Nautical mles searched on transects during Survey 1 by block and Beaufort
scale, the nunber of zones surveyed in each bl ock, the line length
searched in blocks 1-6 as a proportion of the total, and the area of
ocean in blocks 1-6 as a proportion of the total.

BLOCK

scale | 2 . 3 y 5 6 total 7 Total

Li ne length searched in nautical mles

0 12.4  295.9  313,1 - - - 621.4 - 621 .4
1 209.1 - 30.2 7.2 - 11.9 257.4  18.2 275.6
2 74.7 - 63.8 215.7 4.2 21.8 380.2 63.3 443 .5
3 53.5 - 13,7  16.7 22.2 28.7 164.8  77.7 242.5
] 7.3 - 45.5 . 35.7 36.6 116.2 2h1.3  97.0 338.3
5 2.0 - 104.5 6.0 80.6 149.6 212.7  30.5 373.2
6 103.5 #6.2 57.8 30.5 238.0 - 238.0
7 8.2 .2 - 8.2
total 356.0 295.9 704.3 327.5 209.6 358.7 o5k .0 286.7  2500.7

-y 8t S T = T - - . ot D % D o 8 S T L A S = S AR O - - A - —

110. of zones
surveved n/l 34 h/u 3I/N I/ u 4/4 22/24 6/6 28/20

Linc lens th aa

proportion of

total line

lensth in

blocks 1-6 0,16 0.13 0.31 0.15 0.09 0.16 1.00

Area as proportion
of total arecaof
blockz 1-5 0.155 0.147 0.256 0.2hh 0,091 0.108 i .000
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TABLE 11822 . Sightings of narine mamrals made on transects during Survey 1 by
speci es code, species grouping, and survey block.

BLOCK
Species sub

code Species  nane 1 2 3 h 5 6 total 7 Total
02 Fin whale 0 0 1 0 0 0 1 0 1
03 Sei whale 0 0 1 0 0 0 1 0 1
05 HMinke whale 0 ¢] 1 0 0 0 1 0 1
07 Unid. rorqual 0 0 2 0 0 0 2 0 2
10 Bowhead whale 0 1 0 0 0 n 1 0 1
1 4nid.larpe whale ( 2 0 0 0 o0 o 0 1 1
LARGE VHALES 0 1 5 0 0 0 b 1 7

18 Thite whale 0 2 0 0 0 0 2 0 2
20 Killer whale 0 0 1 0 2 0 3 0 3
OTHER WHALES 0 2 1 0 2 0 5 0 5

290 Dall's porpoise 0 0 0 1 0 1 2 1 3
20 flarbor porpoise 0 0 1 0 0 0 1 1 2
32 Unid. dolphin/porp. 0 0 0 0 0 0 0 2 2
DOLPHINS & PORPOISE 0 0 1 1 0 1 3 4 7

20 Sea Otter n 0 0 D 1 2 3 a 11
a2 Halrus 58 9 “20 n 0 10 97 0 97
83 Harbor se=al 0 0 0 0 1 ! 1 ?
86 Bearded seal 0 14 ! 0 0 n 27 n 22
28 Unid. Phocid 4 2 16 0 0 ) 24 0 2
PIOCTDS 4 Th ok 0 ) z 47 1 ne

89 Fur seal 0O 0 O O O 3 3 1 y
cn Steller's sea-lion” 0 9 4 0 1 1 6 Hi 10
91 Unid. Otariid 0 s 1 0 0 0 3 3 6
OTARIIDS 0 2 A 0 1 ] 12 8 2C

a9 Unid. marine nannal 1 0 0 0 0 0 1 0 1
ALL “ARTIEPAMMALS 63 30 56 1 Noo20 170 22 196
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TABLE 1IBl . Nautical miles searched on transects during Survey 2 by block and Beaufort
scale, the nunber of zones surveyed in each block, the line length
searched in blocks 1-6 as a proportion of the total, and the area of
ocean in blocks 1-6 as a proportion of the total.

BLOCK

scale i 2 3 ) 5 6 total 7 Total

-t 0 o

0 42.7 9.9 - - - - 52.6 - 52.6
1 19.2 94,7 - 39. Q - 1533 6.9 160.2
2 137.4 106.4 - - 39.0 20.9 303.7 39.4 343.1
3 198.8 323 - 245 38.1 110.%4 Wok.1 595 463.6
4 . 58.5 - - 18.8 123.4 182.6 383.3 128.1 511.4
5 4.3 - - 147.5 - 29.2 1801.0 23.73 2011, 9
b 116.9 2.1 - 119.0 - 119.0
7 16.8 - - 16.8 - 16 .8
total h60.9  243.3 _ 324.5 242.0 33,1 1613.8 257.8 1871.6

- > - = — - ———— = -
- A TR NS R an e S TS M S e O A G O . - " v A= ot - Y Ao = - e —— . -

Line length as

proportion of

total line

lenth in

blocks 1-4 0.29 0.15 0.00 0.20 0.15 0.21 1.00

Area as

proportion of

total area of

hlocks 1-6 0.1550,147 0.2s6 0.2484 0.0n91 0.108 1.000
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TABLE | | B2
Species
code -Species nzne

02

27

28
29

80
81

82
63

86
88

species cOde, species Qrouping,

Fin whale
Minke whale
Gray whale

WYhite whale

Killer whale
Unid. other whale

Dall's porpoise
Harbor porpoise

Sea Otter
Unid. pinniped

Harbor sezl
Rinmed Sea

Bearded seal
Uid . Phocid

- -

ALL UARIHT NATTUALS

BLOCK
1 2 3 J 5 6
1 0 0 0 0 0
0 0 0 1 0 0
2 9 2 0 0 0 8
3 0 2 0 1 o0 8
0 1 0 0 0 0
0 0 0 2 1 0
1 0 0 0 0 0
1 1 2 1 o0
0 0 0 0 2 0
3 0 0 0 0 ?
3 0 O o 2 2
1 0 0 0 2 5
17 3 0 0 0
12 3 0 0 0 17
I 0 0 1 0
0 3 0 0 0 0
0 10 0 0 0 0
3 5 0 0 0 0
7 37 0 0 1 2
0 0 0 0 1 0
0 2 5 0 1 4
71 41 0 3 7 3
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- —

20

32
19

10
10

42

-

12

156

Survey 2 hy



TABLEIICl. Nautical miles searched on transects dur ina_Survev 3 by block and Beaufort
scale, the nunber of zones surveyed i n each bleck, the line length
searched in blocks 1-6 as a proportion of the total, and the area of
ocean in blocks 1-6 as @ proportion of the total.

- - T S - W oy S S W G . e A T S T e T - o T A T o e T S - T e Y P e -

scale | 2 3 4 5 6 total 7 Total

- -

1 26. 3 ho.2 - 66.5 21.5 88.0
2 2.4 23.8 135.0

3 4.5 45,3 224 4 - 274,227 7 301.9

161.2 0.3 161.5

4 19.3 91.8 54.3 - 165.4  48.2 213.6

5 5.8

w
(=)
w
w
(OS]
w
w
-

R ER R T - T e T S S G T . — S G S - - - — —————

e e " S > T TS A > —— " > - A — Tut T S g O - ey A G B S S e S S G G - YT s Y S T -

Ho. of zones
surveyed /4 214 3/4 0/ 0/h 0/4 672U n/G 10/30

Line lensth as

proportion of

total line

length in

blocks 1-6 0.05 0.28 0.67 0.00 0.00 0.00 1.00

Areaas proportion
of totel area of
blocks 1-6 0. 155 0.147 o0.256 0.214 0.091 0.108 1.000
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TABLE IIC2. Sightings of marine mammals nade on transects during Survey 3 by
species code, species groupi ng, and survey block.

B LOCK

Species sub
code Speries narne 1 2 3 I 5 6 total 7 Total
00 F i n whale 0 0 1 0 0 0 i 2 3
05 llinke whale 0 0 1 0 0 0 1 0 1
28 Gray whale 0 0 0 0 0 0 2 0 2
h Unid.large whale 0O o0 O Oo O0 © 0 1 |
1, ARGE VHALES 2 0 2 0 0 o0 4 3 7
28 pall's porpoise 0 0 3 0 0 0 3 3 6
2¢ llarbor poOrpoise 0 0 0 0 0 0 0 2 2
32 Unid. dolphin/porp. 0 0 1 0 0 0 1 0 1
DOLPMINS & PORPOISE 0 0 ] 0 0 0 i 5 9
80 Sea Otter 0 0 0 0 0 0 0 6 6
81 Unid. pinniped 0O 1 0 ~ 0O 0 O 1 0 1
£9 Fur secal 0 0 3 0 0 0 3 0 3
20 Steller's sea-lion 0 0 0 0 0 0 0 2 el
OTARIIDS 0 0 3 0 0 0 3 2 g
no Unid. marine mamnel 0 0 1 Y 0 0 1 .0 1
ALL !TARTIEVAIYIALS 2" 1 1 0 0 0 13 16 29
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TABLE 1ID1. Nautical miles searched on transects during Survey 4 by block and Beaufort
scal e, the nunmber of zones surveyed in each block, the line length
searched i n blocks 1-6 as a proportion of the total, and the area of
ocean in blocks 1-6as a proportion of the total.

Beaufort sub
scale 1 2 3 4 5 6 total 7 Total

Line lensth searched in nautical miles

0

1 134.5 - 84.2 - - 35.5 254,2 925 346.7
2 88.7 178.0 54.5 13.0 31.6 121.1 486.9 118.8 605.7
3 168.8 182.6 240.9 120.8 62.9 162.7 938.7 4.1 992.8
y 62.8 - 1781 271.7 35.8 28.1  576.5 4.4 500.9
5 3.2 - 108.2 312.4 77.8 5.1 539.7 - 539.7
6

7
total 491.0 360.6 6 65,9 717.9 208.1352.5 2796,0 279.8 3075.8

" T > = Y T W D T S N GO D D G P S D L R D e G D A D - - . e D S L . e - - -

"o, of zones
surveyed 4/4 4/n 414 4/4 4/4 414 217210 6/6 30/30

- h e e " = — B G G o P T D M = A S ——— - > S - P A U . - S O S . - —— - o —

Line lengthas

proportion of

total line

lencth in

blocks 1-0 0.17 0.13 0.24 0.26 0.0% 0.13 1.00

- T " T S > B T - & - WL S = et o T N T A o e 0 o ——— -

Area as proportion
of total area of
bl ocks 1-6 0.155 0.147 0.256 0.24% 0,0Mm 0.108 1.000
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TABLE IID2. Sightings of narine mammals made on transects during Survey 4 by
species code, species grouping, and survey block.
BLOCI

Species sub
code Species nane 1 2 3 it 5 6 total T Tota l
02 Fin whale 0 0 1 1 0 0 2 2 h
05 14 nke whal e 0 0 2 0 0 1 3 0 3
06 Humpback whale 0 0 1 0 0 1 2 0 2
14 Unid.large whale 1 0 0 0 0 1 2 0 2
L£ARGE WHALES 1 0 Y 1 0 E! 9 2 11
18 Uhite whale 0 0 0 1 0 0 1 1 2
20 Killer whale 0 0 0 2 0 0 2 2 J
OTHER WHALES 0 0 0 3 0 0 3 3 6
23 Dan’s porpoise 0 1 0 4 2 3 10 3 13
29 Harbor porpoise 5 3 2 2 10 2 13 1 T
DOLPI TS & PORPOISE 5 I ek 5 2 5 22 I 27
80 Sea Ntter I 0 2 7 2 ! 20 3 23
83 [larbor seal 2 1 0 0 0 1 h 1 5
88 Unid. Phocid 9 2 7 0 0 0 19 0 19
PHOCINS 11 3 * 7 0 0 1 22 1 23
8a Fur seal 0 0 1 1 0 0 2 0 2
o0 Steller's sea-lion 0 0 0 0 0 0 0 h i
OTARTINS 0 0 1 1 0 ) g i h
Q9 Inid . narine mamnal 1 0 0 N 0 n 1 0 !
ALL U UIAD TUE 1 OGAITIALS o2 7177 1 L 20 17 a7
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TABLE IIEl. Nautical mles searched on transects during Survey 5 by block and Beaufort
scal e, the nunber of zones surveyed in each bleck, the line |ength
searched in blocks 1-6 as a proportion of the total, and the area of
ocean in blocks 1-6 as a proportion of the total.

scale v - 2 3 Iy 5 6 total 7 Total

Line length searched i n nautical miles

0 - -
1 32.4 75.0 - - - 107.4 7.5 114.9
2 91.4 - 49.6 - 2.1 126.9 270.0 53.8 323.8
3 150. 4 9.3 163.0 79.2 361 41.3 479.3 134.0 613.3
4 160.1 129.1 228.9 103.5 18.4 13,4 653.4  95.4 748.8
5 100.7 4.1 568 17,4 . - 10.2 199.2 5.5 204. 7
6 30.1 55,0 69.2 - - 1540.3 - 154.3
7 92.2 - 92.2 - 92.2
total 502.6 215.0 628.3 261.5 s56.6 191.8 1955.3 296.2 2252.0

Ho. of zones
surveyved 4s4 /7y sy 24 v/ - 374 17/20 - 6/6 23730

Line lensthas

proportion of

total line

lencth in

bloeits 1-6 0.25 Q.11 0.32 o.in 0.03 0.10 1.00

Area as proportion
of total area of
blocks 1-6 0.156 0.147 o0.256 0.24h 0.001 0.108 1.000
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46

13

11

20

- -

6

TABLE IIE2. Sightings of marine manmals made on transects during
species Code, species groupi ng, and survey bl ock.
NLOCE
Species

code Species nane 1 2 3 il 5 6
02 Fin whale 0 0 1 0 0 0
05 HMinke whale 0 0 1 0 0 1
07 Unid. rorqual 1 0 0 0 0 0
LARGE WHALES 1 0 1 0 ” 0 1
21 Killer whale 0 0 0 1 0 0
OTHER WHALES 0 0 0 0 0 0
28 Dan’s porpoise 0 0 0 2 1 0
29 Harbor porpoise 1 1 0 0 0 O
DOLPIHINS & PORPOISE 1 1 0 2 1 0
80 Sea Otter 5 0 0 . 0 1 40
81 Unid. pinniped 3 1 3 0 0 1
82 Walrus 9 0 2 1 0 7
82 Harbor seal * 4 3 2 0 0 0
88 Unid. Phoeid 0 2 8 0 0 1
PHOCID3 4 5 1 0 0 0 1
90 Steller's sea-lion 0 0 0 2 0 Yy
Bl Unid. Otariid 0 2 1 0 0 0
OTARTIDS 0 Q 0 2 0 L
ALL 1 ART'RE LIALRIALS 23 7 16 6 2 ui

102

Survey 5 by

7 Total

u 7
5 8
10 15
1 57
0 &
0 13
7 16
0 1
-7 a7
9 15
3 6
a 15
30 11



TABLE IIF1. “Nautical mles searched on transects during Survey 6 bY
scal e, the nunber of zones surveyed in each block, the li
searched in blocks 1-6 as a proportion of the total, and the area of
ocean in blocks 1-6 as a proportion of the total.

block and Beaufort
ne length

BLOCI
Reaufort sub
scale 1 2 3 I 5 6 total 7 Total
Line length searched in nautical miles

___________ - _— ————————— - ——— e e m e ————
0 h2.5 135 56.0 56.0
1 8.2 13.8 22.0 20. 2 uz.2
2 83.2 118.2 1'34.2 62.1 457.7 29.3 587 .0
3 269.0 179.1 223.7 10.7 55.9 81.3 819.7 93.5 913.2
u 126.1  78.8 227.9 180.1 67.7 87.1 767.7  56.7 Bal 4
5 37.7 42.4 37.1 168.7 108.2 s53.0 WM7.1  #3.0  190.1
6 7.2 7.2 7.0
7

Lotal 573.9 u445.8 682.9 359.5 231.8 283.5 2577 . 2hp .7 2820, 1

lo. of zones

surveyed 4sn sy hosy 2/ L7y 374 21720 . h/6 27/30

Lin2 length as

proportion of

total line

lenmth in

blocks 1-6 0.22 017 0.2 0.14 9,09 .11 1.00

Area arn proportion

nf total arca of

blocls 1-6 0.155 0.147 0.256 0.2l 0.001 0.108 1.(?00
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TABLE IIF2. Sightings of marine mammals made on transects during Survey 6 by
species code, species grouping, and survey block.

RLOCE
Species Sub

code Spenies nane 1 2 3 l 5 6 total 7 Total
05 Hinke whale 0 0 1 1 0 0 2 P 4y
07 Unid. rorqual 1 0 0 0 0 0 ! 0 1
08 Gray whale 1 0 0 0 ,0 0 ! 0 1
LARGE WHALES 2 0 1 1 o0 O B2 6

18 thi te whale ! 0 0 0 0 0 1 0 l
20 ¥iller whale 0 0 0 0 0 2 2 0 2
27 Unid. other whale 1 o] o] 1 o] o] 2 0 2
OTHER WHALES 2 0 0 1 0 2 5 0 5

28 Dan’s porpoise 0 0 1 0 1 3 5 1 6
29 Harbor porpoise 0 2 3 0 0 1 G 0 G
32 Unid. dolphin/porp. 0 0 0 1 0 0 1 0 !
DOLPY IS & PORPOISE 0 2 ”. 1 1 4 12 1 13

80 Sea Ntter 5 1 1 0 1 5 13 5 10
81 Unid. pinniped 0 2 1 1 0 n h 0 h
72 Halrus 58 0 0 0 0 0 57 0 57
23 llarbor seal 5 0 0 0 1 0 b ] 10
8 Unid . Phocid 0 0 6 1 0 3 10 0 10
PHOCIDS 5 0 6 1 1 3 16 h 20

an Steller's sea-lion 0 0 0 0 0 1 1 11 12
NTARIIDS 0 0 0 0 0 1 1 11 12

99 Unid. marine mamnal 1 0 0 0 Q 0 1 0 !
ALL [IARINE{IAIRIALS 72 5 13 5 3 15 113 23 136
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TABLELIGL . Nautical miles Searched on transects during Survey 7 by block and Beaufort
scale, the nunber of zones surveyed in each block, the line lepath
searched | N blocks 1-6 as a proportion of the total, and the area of
ocean in blocks 1-6 as a proportion of the total.

Li ne lensth Searched in nautical wmiles

0 288.1 284.6 328.7 - - 21.6 923.0 923 .0
1 52.9 - - 78.9 - - 131.8  13.0 144.8
2 120.0 “$.3  139.9 4.5 - 272.7 10.8 283.5
3 17.8 16.3 29.3 204.8 10.8 29.1 308.1 142.4 450.5
4 75.8 - 56.7 64.1 184.3 133.1 514.0 37.3 551.3

‘5 36.6 - 284.8 13.8 53.1 111.7 500.0 27.8 527.8
6 - - 6.9 20.9 - 57.3 3.3 83.3
»

t ot al b71.2 120.9 713.8 sep1.5 252.7 352.8 2732.9 231.3  2964.2

1o. of zones
surveyed sy iyl liyg]] 3/1 hsn gl 23/24 - 5/6 28/30

- 0 S G e = S e Y TR e Y T G D Y D W D T A G S - e - R = Sn = A > S - - o . o8 - ——

Line length as

proportion of

total line

lenrth in

blocks 1-6 0.17 0.16 0.2 0.19 qg.p0 0.13 1.00

Area as proportion
of total area of
blocks 1-6 0.15s 0.1h7 (-).256 0.2440.091 0.108 1.000
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TABLE 1162. Sightings of marine mammals nade on transects during Survey 7 by
species code, species grouping, and survey bl ock

Species
code

Species name

hite whale
Killer whale
Unid. Beaked whale

Dan’s porpoise
Harbor porpoise
Unid. dolphin/porp.

Unid. Pinniped

Nearded seal
Unid. Phocid

ALL | (ARTME | AMIALS

BLOCK
1 2 2 ] 5 6
2 0O O O 0 ©
17 1 0 0 0 0
0 0 0 0 1 1
0 0 0 1 0 0
1 7 1 0 1 1
o 0o o 1 11
1 0 0 0 0 0
0 0 0 0 0 0
1 0 0 1 1 1
0o 0 0 0 3 3
5 2 1 2 0 0
14 27 6 0 o 1
0 3 0 0 0 0
1 0 0 0 0 0
1 3 0 0 0 0
o o0 2 1 2 2
ho 33 12 5 4y 38
4 8 8

sub

142

169



TABLE 1m1 . Nautical niles searched on transects during ‘Survey 8 by block and Beaufort
scale, the number of zones surveyed in each block, the linelength
searched in blocks 1-6 as a proportion Of the total, and the area of
ocean In blocks 1-6 as a proportion of the total.

BLOCK

— o —— R

Beaufort sub
scale 1 2 3 4 5 b total 7 Total

0 81.7 451.7 46.4 - - 579.8 - 579.8
1 52.9 - 123.3 9.7 18.0 3.0 207.4  30.% 228.2
2 160.6 - 27.3 104.3 161  20.7 329.0 131.0 460. o
3 82.6 - 55.1 .396.8 89.1 151.4 775.0  58.5 833.5
4 112.5 - 29.7 131.2 55.0 193.3 521.7 39.5 561.2
5 170.3  60.2 59.9 - 290.4  23.5 313.9
6 51.0 - 2. u - 75.4 - 75.4
7

total h90.3 451.7 -503.6 702.2 262,5 363.4 277R.7 283.3  3062.0

‘o, of zones
aurveyed b/l b/l 3/4 h/7nh h/h ksy 23/24 6/6 29/30

-line lengthas

proportion of

total line

lensth in

blocks 1-6 0.18 0.16 0.18 0,25 0.10 0.13 1.00

Area as proportion
O total area of
blocks 1-6 N.155 0.147 0.256 0.20hF 0.091 0.108 1.000
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TABLE 112, Sightings of marine mammals made on transects during Survey 8 by
species code, species grouping, and survey block.

Species
code

Species name °

Yhite whale

Dan’'s porpoise
Harbor porpoise

DOLPHINS & PORPOISE

Valrus

Harbor seal
Bearded seal
Ribbon seal
Unid. Phocid

PHOCTIDS

Steller's sea-lion

ALL AR INE HAIMMALS

BLOCK
4 5 6
0 0 0
3 1 1
0 0 0
3 1 1
0 1 2
0 0 1
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 3
3 2 7

1 2 3

1 1 0

1 0 0

0 0 0

1 0 0

0 0 0

2 1 4
34 11 39
0 0 0

0 0 5

0 0 6
2 0 5

2 0 1 6
0 0 0
40 13 59
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124

14
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